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 1 
General introduction 
Ever since the computer has entered society, researchers have developed 
guidelines on how to design user-friendly interfaces (Helander, Landauer, & 
Prabhu, 1997). However, scarce attention has been paid to the development of 
guidelines for designing child-centred software even though more and more 
software is being developed for children (Markopoulos & Bekker, 2003). Lately, 
researchers in the field of user-centred design and developers of software have 
come to appreciate that the design of software for young children requires special 
attention (Bekker, Markopoulos, & Kersten-Tsikalkina, 2002; Druin, Hourcade, 
& Kollet, 2004). This attention has been focused mostly on adapting usability 
tests for children, on participatory design with children, on novel technologies 
and tangible interfaces, and on measuring fun (e.g. Eisenberg, 2004; Guha, Druin, 
Chipman, Fails, Simms, & Farber, 2004; Hanna, Neapolitan, & Risden, 2004; 
Read, MacFarlane, & Casey, 2002; Read, MacFarlane, & Gregory, 2004; 
Robertson & Good, 2004; Stienstra & Hoonhout, 2002). Some researchers have 
extracted general design principles for children from usability evaluations or from 
guidelines developed for other media (Fisch, 2004; Hanna, Risden, Czerwinski, & 
Alexander, 1998). The research described in the present thesis aimed to develop 
guidelines experimentally by investigating some of the usability issues that are 
important in the design of software for children.  
Unlike adults, children mostly do not use computers for text editing or data 
management, but as a toy or educational tool. There exists only a fine line 
between “games” and “educational software” because software in schools is 
generally presented in a game-like format and games that children play at home 
are often also educational. In this thesis, the term “educational software” will 
refer to any software that is used in schools with an educational purpose. 
Educational software is designed to teach children or to allow them to practice 
their skills, to explore new information, and to study. The term “game” will be 
used for software that is used by children at home, mainly for entertainment 
purposes. It is apparent that usability problems in educational software will hinder 
the learning of children, decreasing the efficiency of the software. Together with 
the fact that children are required to use specific educational software and that 
they are often not allowed to stop using it when they want to, this suggests that 
the consequences of usability problems in educational software are more severe 
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than in games. Therefore, the present research focused on the design of 
educational software. 
Over the years, the design of educational software has been guided by many 
different theories. Behaviouristic theories have led to the design of many drill-
and-practice programs that are still widely used. Cognitivism gave rise to the 
development of more complex tutor systems and constructivism to life-like 
simulations that promote (guided) discovery learning (Herrington & Standen, 
2000; de Jong, Kanselaar, & Lowyck, 2003; Mayer, 2004). The research in this 
thesis, although inspired on an existing educational software program, aimed to 
develop guidelines for software developers that supersede educational theories 
and content. Well designed educational software ensures that children are 
enjoying themselves, that they can perform exercises that are tailored to their 
individual performance level, and that they receive encouraging feedback 
immediately and accurately. Research findings indicate that when educational 
software is designed according to these requirements, children appear to learn 
efficiently (Chambers, Abrami, McWhaw, & Therrien, 2001; Hanna, Risden, 
Czerwinski, & Alexander, 1998; Roschelle, Pea, Hoadly, Gordin, & Means, 
2000). The benefits of well designed educational software are especially valuable 
for children who are not performing at grade level, in reading for instance. Poor 
readers generally experience difficulties during many reading tasks in classroom 
teaching. Therefore, they are likely to dislike reading exercises, especially the 
classroom exercises that are difficult for them (Chambers, Abrami, McWhaw, & 
Therrien, 2001). However, when these children work with educational software 
that is carefully designed, they can perform exercises at their own level of 
difficulty and can still experience pleasant and motivating learning.  
Because the cognitive and physical abilities of children differ greatly, the 
research in the present thesis will focus on one group of children: children who 
are learning to read. These children are young (in the Netherlands: 6 or 7 years of 
age) and will therefore not have fully developed their cognitive and physical 
abilities. Additionally, they may not have much experience with computers. 
Therefore, usability research on the design of educational software for these 
children is even more important than for older children. This thesis focuses on 
identifying aspects that are related to efficient use of educational software. 
Because usability and enjoyment are for children closely related, they will be 
discussed together (Bekker, Barendregt, Crombeen, & Biesheuvel, 2004).  
The usability issues that are discussed in this chapter will be structured 
consistent with the user action framework, an adapted version of Norman’s seven 
stages of action (Andre, Hartson, Belz, & McCreary, 2001; Norman, 2001). This 
framework supposes three major stages of action: first a planning stage in which 
action plans are formed and these plans are translated into physical actions, then a 
stage in which the physical actions are performed, and last an assessment stage in 
which the success of the actions is evaluated by reviewing feedback. Barendregt 
& Bekker (2004) suggest the addition of a fourth stage for computer games in 
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which children decide whether to proceed with a game. The present chapter will 
discuss these four stages in relation to the design of educational software.  
1.1 Planning actions 
The first stage in the action framework is planning the actions one intends to 
perform (Andre, Hartson, Belz, & McCreary, 2001). Children will not be able to 
plan their actions when they do not understand the tasks and the goals in 
educational software. Therefore, instructions need to be clear and complete. In 
software for early literacy education, instructions may need to be auditory or 
pictorial because many of these children can not read. Also, because children 
have limited attention spans, the instructions should not be too long.  
Another reason why children may find it difficult to plan their actions, is that 
the exercises they have to perform are too difficult for them. On the other hand, 
when the exercises are very easy, children may have no problem to complete the 
exercises, but they are not likely to learn a lot. Therefore, tasks should be 
optimally challenging. Challenge is a delicate combination of skill and task 
difficulty (Bumpus, Olbeter, & Glover, 1998; Glaser, 1977; Rieber, 1996; Ryan 
& Deci, 2000b). It can be a laborious task to determine the abilities of children, to 
determine the difficulty of certain tasks, to match the two, and to present different 
exercises to all children. One of the advantages of the use of computers in 
education is that challenging tasks can be offered much more smoothly and faster 
than with conventional teaching methods (Armstrong & Loane, 1994; Bork, 
1986; Ohlsson, 1986). For a computer to be a truly adaptive and intelligent tutor, 
it should be able to continuously inspect the pupils actions and responses. 
Unfortunately, most adaptive software programs do not analyse the type of 
mistakes that pupils make, but merely increase or decrease the difficulty of the 
exercises and goals according to the number of mistakes the child makes 
(Bumpus, Olbeter, & Glover, 1998; Jones, 1998; Malone & Lepper, 1987; Rieber, 
1996). This process of adapting the difficulty of the exercises to the abilities of 
children will be discussed in Chapter 3.  
When the tasks and goals in the software have been explained successfully, the 
children translate their plans into physical actions. They know the questions and 
they know what answer they want to give, but how should they state their 
response? Should the mouse be used? Should the answer be clicked or double-
clicked? Or should the answer be selected by using the arrows on the keyboard? 
These aspects can of course be addressed in the instructions, but the design of the 
interface can also explain how certain actions should be performed, for instance 
by presenting questions and answers as pieces of a puzzle. In that case, children 
will realize intuitively that pieces of the puzzle should be moved to join 
corresponding pieces. Of course, such metaphors should be carefully chosen to 
match the preconceptions of children (Norman, 2001). 
4 Chapter 1 
1.2 Executing actions 
When the children have planned their behaviour on the basis of clear instructions 
and design, they need to perform the actions required. This can cause a variety of 
difficulties. First, when children are not able to use an input device, they will not 
be able to complete any tasks and consequently become frustrated. Children use 
the joystick and the mouse fairly easily and they enjoy using them (Joiner, 
Messer, Light, & Littleton, 1998). But even when they are using these input 
devices, special precautions may need to be taken to adapt tasks to their 
continuously developing motor skills. Chapter 4 will investigate how mouse tasks 
can be adapted for young children.  
Second, educational software does not only require children to perform 
physical, but also cognitive actions: beginning readers have to spend a lot of 
energy on learning letters and words. Educational software programs are often 
multimedia environments and these inherently contain many features that require 
attention. Children do not possess an unlimited amount of cognitive resources. 
Beginning readers can not write “apple”, listen to a tune, and watch a dancing 
kangaroo at the same time, even though it is not uncommon for educational 
software to present exercises together with tunes and cartoons. Multimedia 
features are especially distracting when they are presented in the same sensory 
modality as the educational information. Baddeley (1992) modelled working 
memory as two sensory stores that process either verbal or pictorial information 
and a central executive that creates associations between information in both 
sensory stores. When large amounts of information are presented as pictures, the 
cognitive resources of this sensory modality are exhausted and consequently, not 
all information can be processed: working memory is overloaded. However, when 
the information is presented partly as pictures and partly as text, the cognitive 
load is reduced because it is distributed over both sensory stores. Any resources 
that are not needed to process information in a sensory store can be used to form 
connections between pictorial and verbal information, which is important for 
meaningful learning (Mayer & Moreno, 2002; Moreno & Mayer, 1999; Paivio, 
1991). It is clear that designers should be very careful not to overload working 
memory. “Bells and whistles” may cause children to like a program more, to 
work with it longer and more actively, but bells and whistles will also usurp 
cognitive resources without adding to meaningful learning. Thus, pictures and 
sounds unrelated to the content of educational software should be used sparsely 
(Mayer & Moreno, 1998; 2002). Other principles that can be used to reduce 
cognitive load in educational software can be found in Mayer and Moreno (2002).  
1.3 Evaluating actions 
When children have completed the action they wanted to perform, they should be 
informed about the result of that action. Feedback helps children to adapt their 
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behaviour (Ryan & Robey, 2002). Additionally, feedback appears to increase the 
motivation of children, how important they think the task is, their effort, and 
consequently the effectiveness of the software (Goudas, Minardou, & Kotis, 
2000; Lee & Dwyer, 1994; Reeve & Deci, 1996; Terrell & Rendulic, 1996). Of 
course, educational software is not the only educational method that can deliver 
feedback, but it is one of the few that can provide feedback immediately, 
repeatedly, and systematically (Armstrong & Loane, 1994). In software that 
offers children immediate feedback the discouraging fear of making mistakes is 
less severe than in classroom instructions because children can make their 
mistakes in private (Rosegrant, 1985). However, certain types of immediate 
feedback may induce children to adopt a more passive trial-and-error problem 
solving strategy that is clearly detrimental to learning (Cope & Simmons, 1994; 
Kulhavy, 1997). Chapter 5 will investigate how the performance and motivation 
of children is affected by the feedback they receive. 
1.4 Deciding to continue  
The last stage in the framework is the moment at which children decide to 
continue working with software. In computer games, this moment is more crucial 
than in educational software because children are often not allowed to stop using 
educational software without permission. Still, in educational software children 
can decide how concentrated and actively they will work. Children can make the 
decision to be active on the basis of external reasons like instructions or 
commands from their teacher or parents. However, intrinsic motivation generally 
leads to more and deeper learning than external motivation (Bumpus, Olbeter, & 
Glover, 1998; Lin, McKeachie, & Kim, 2003; Ryan & Deci, 2000a; 
Vansteenkiste, Simons, Lens, Soenens, Matos, & Lacante, 2004). It has already 
been discussed that challenge and feedback can increase the intrinsic motivation 
of children, but motivation can also result from curiosity, fantasy, control, and 
interpersonal factors (Malone & Lepper, 1987; Steinberg, 1991).  
Because children have an innate inclination to seek out novelty, they will be 
motivated to work with educational software that evokes either cognitive of 
sensory curiosity (Malone & Lepper, 1987; Ryan & Deci, 2000a). Cognitive 
curiosity is stimulated by situations in which the existing knowledge of children 
is challenged, for instance by highlighting inconsistencies in the knowledge of the 
pupil, by pointing out that the pupils lack certain knowledge, or by providing 
pupils with a number of examples and asking them to deduce a general rule 
(Jones, 1998; Malone & Lepper, 1987; Rieber, 1996). Thus, one way to increase 
cognitive curiosity is to establish the existing knowledge of individual pupils and 
to provide them with exercises that expand that knowledge. The other type of 
curiosity, sensory curiosity, can be evoked by presenting sounds and pictures, 
integral to modern multimedia learning environments. Not only do children like 
programs that contain pictures and sounds, but they also learn more and deeper 
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when the educational content is offered both verbally and pictorially. An often-
used way of stimulating sensory curiosity without overloading working memory, 
is by adding only meaningful illustrations or animations to spoken or written text, 
for instance by integrating the exercises in a fantasy environment (Malone & 
Lepper, 1987). 
An example of a successful fantasy environment is the program “Where in the 
world is Carmen Sandiego?” (Broderbund Software), designed to teach children 
geography. In schools, geography is often taught by letting pupils write the names 
of cities on blind maps until they know all of them. This type of exercise can be a 
dull, frustrating, boring, and discouraging task. “Carmen” does not change the 
geography tasks, but she lets children pretend that they are a detective who has to 
hunt down the thief Carmen and her accomplices all over the world. Whenever 
children want to fly to a city in the world, they have to indicate that city on a 
blind map. Because flying requires time, choosing the wrong city decreases their 
chances of apprehending the thief in time. The fantasy of being a detective who 
travels the world makes the task of learning geography much more enjoyable. 
Fantasies in educational software can be less complicated than the “Carmen” 
fantasy, but very simple fantasies (a penguin that explains to children how to 
perform calculus, geography, or biology tasks) have some disadvantages because 
they do not add to the understanding of the subject matter. For instance, when the 
penguin makes a funny dance during an explanation of a calculus problem, the 
children may attend to the dance rather than to the explanation (Mayer, Heiser, & 
Lonn, 2001; Mayer & Moreno, 1998, 2002; Parker & Lepper, 1992). 
Contrastingly, most of the cognitive resources that are spent on the fantasy of 
Carmen are automatically used to learn geography. The best fantasies are those 
that are indistinguishable from the tasks that have to be performed, for example 
pretending to be a journalist to learn how to write, or a shopkeeper to learn 
calculus (Fisch, 2004; Malone & Lepper, 1987). 
Another important condition for motivated and interested learning is control, 
i.e. that one can directly or indirectly influence events in one’s immediate 
environment (Merril, 1988; Ric & Scharnitzky, 2003; Squires, 1997; Steinberg, 
1991). That children do not work with educational software when they want to, 
but when the teacher tells them to, takes control away from them, which is 
generally not very motivating. To compensate, educational software can allow 
children to make choices concerning the challenge, curiosity, or fantasy of 
exercises (Rosegrant, 1985; Schiefele, 1991; Sideridis & Padeliadu, 2001; 
Steinberg, 1991). Moreover, research findings suggest that control is not 
motivating in itself, but that it only enhances motivation that is already present as 
a result of other motivating factors (Ryan & Deci, 2000a).  
Allowing children to cooperate with other children has also been reported to 
enhance the motivation of children (Stienstra & Hoonhout, 2002). However, it 
would be wise to allow children to choose their own partners, because forcing 
them in a social environment (assigning them to teams for instance), decreases 
the feeling of control and may therefore decrease motivation (Bumpus, Olbeter, 
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& Glover, 1998; Reeve & Deci, 1996). Competition can also enhance motivation, 
especially when children are winning (Koka & Hein, 2003; Stienstra & 
Hoonhout, 2002). 
1.5 Educational software for beginning readers: Leescircus 
The research in this thesis investigated usability factors in educational software 
by evaluating one specific program: Leescircus (Circus of Reading) (Reitsma, 
1999). Leescircus is a representative educational program designed for children in 
Kindergarten 2 and Grade 1. It provides exercises directly related to beginning 
reading. The program consists of 27 different types of exercises that are situated 
in a circus-environment and 7 types of tests. The 27 exercises provide practice on 
a diverse range of pre-reading and reading skills: from vocabulary training via 
rhyming, blending and letter-sound correspondences to word reading. The 7 tests 
that are available in the program are similar to exercises, but presented on an 
unadorned, blue screen. 
Figure 1.1 Two screenshots of exercises in Leescircus. In the first exercise the 
letter that changes the meaning of the word in the picture has to be 
dragged to the trashcan. In the second exercise children have to match 
pictures that rhyme. 
Two of the exercises are shown in Figure 1.1. In the left-hand exercise, one 
letter in the written word (here: ball) changes the meaning of the word depicted 
on the panel to the left (here: wall). That letter has to be dragged to the trashcan at 
the bottom of the screen. In the right panel a screenshot is presented of an 
exercise in which children have to match pictures that rhyme. In this particular 
example, the picture of book has been dragged to the picture of hook and boat to 
goat. House and bear still have to be dragged to mouse and pear. At the 
beginning of each exercise, a female ringmaster tells the children what they are 
required to do. After each response, encouraging auditory feedback is provided. 
When the child has made two mistakes in one exercise, the feedback becomes 
more content-specific, providing hints to finding the correct answer. After more 
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mistakes, the computer takes control from the children and shows them how to 
perform the exercise. The exercises that children perform can be assigned to them 
by their teachers or by the program itself. In that case, the teacher assigns one 
initial test or exercise to the children and the software will provide exercises to 
each child on the basis of his or her results. The results on these exercises again 
determine whether children are ready to advance to more difficult exercises. In 
this way, the children will perform exercises that match their abilities without too 
much work for the teacher. 
Generally, Leescircus respects the usability requirements described above: the 
instructions in the program are concise and clear, the difficulty of the exercises is 
diverse, the required physical actions are implied by the design of the interface 
and explained in the introduction, the feedback is clear, encouraging, and 
informative, the pictures and sounds in the program are mostly related to the 
words and letters the children have to learn, the curiosity of children is stimulated 
by presenting the exercises as riddles, and the children are challenged by goals 
and encouraging feedback that relate to the exercises. However, a possible 
shortcoming is that the reading exercises in Leescircus are not intrinsic to the 
circus fantasy, and that the objects that children have to click on and move may 
be small. Additionally, the process of adapting the difficulty of the exercises to 
the ability of the children was chosen rather arbitrarily. 
Leescircus is designed to provide exercises in initial and beginning reading for 
children in Kindergarten 2 and Grade 1. In Dutch education, children start school 
at their fourth birthday. They begin school in Kindergarten where they spend 
approximately two years. Reading education in Kindergarten consist of a variety 
of emergent literacy activities. At the end of the school year, children in 
Kindergarten 2 (and sometimes K1) who are considered able to begin formal 
reading instruction advance to Grade 1. These children are generally seven years 
of age.  
1.6 Overview of the next chapters 
The factors that may have an influence on the usability of educational software 
are diverse and numerous, and it would not be possible to investigate them all 
within the scope of this thesis. Therefore, three initial studies were conducted to 
determine the usability aspects that are interesting for further research because 
they are considered important by users, because they have been realized in few 
educational software programs, or because they cause many problems for 
children. These studies are described in Chapter 2. Teachers were asked to 
indicate how important they considered specific aspects in the design of software; 
motivational factors in educational software were related to motivation; and 
children in Kindergarten 2 and Grade 1 were asked to perform a usability test of 
Leescircus. On the basis of these studies, three aspects of educational software 
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were selected for further study: feedback, mouse handling, and the procedures for 
adapting the difficulty of exercises to the abilities of children.  
Chapter 3 discusses two studies that investigated how difficult exercises should 
be to foster learning and motivation without frustration or boredom. The first 
study investigated the use of a computer test to assign first time users to suitable 
exercises. The children in the second study worked with exercises that were 
matched to the topics discussed in class. 
Three studies that investigated the mouse skills of children in Kindergarten 2 
and Grade 1 are discussed in Chapter 4. The first study challenged children to 
click as accurately as possible on small objects and investigated the suitability of 
drag-and-drop and click-move-click as movement procedures in educational 
software for children. The ability of children to click on realistic objects was 
compared to the ability of adults in the second study. The third study investigated 
the cause of drop errors by asking children and adults to move objects in a variety 
of tasks. 
Chapter 5 describes two studies conducted to investigate the effect of accuracy 
and speed feedback on the performance and motivation of children. The 
participating slow readers in the first study were observed by the experimenter 
while they worked with a program that provided reading exercises with different 
amounts and types of feedback. Their reading skills were measured before and 
after training to determine the differential learning gain of the feedback. In the 
second study, the children worked with four different tasks while their eye 
movements were recorded by a webcam to determine the extent to which they 
attended to accuracy or speed feedback. The effect of feedback on task 
performance and motivation was measured within subjects. 
Chapter 6 concludes this thesis with a general discussion of the results. Several 
recommendations for the design of educational software for children are 
discussed as well as suggestions for further study.

 2 
Usability factors in educational software1 
2.1 Introduction 
Usability is an important concept in the design of software, but it is also very 
complex and multifaceted. The Merriam-Webster online dictionary defines 
usability as convenience and practicality of use (www.m-w.com). According to 
Preece (1993, in Lin, Choong, & Salvendy, 1997), the definition of a usable 
system is that it can be employed safely, effectively, efficiently, and enjoyably. 
These broad requirements of usable systems lead to many specific criteria, which 
is demonstrated by the volumes that are filled with usability heuristics for the 
design of systems for adults (e.g. Helander, Landauer, & Prabhu, 1997; Sanders 
& McCormick, 1993; Salvendy, 1997; with 1602, 704, and 2137 pages 
respectively). For the design of systems for children, however, such a handbook 
is lacking. Therefore, this thesis aimed to develop some usability heuristics for 
children. Obviously, it is not possible to discuss all the issues important in the 
design of software for children within this thesis. Instead, the relative importance 
of usability issues was investigated in three studies that are discussed in the 
present chapter. The results of these studies determined the factors that were 
examined in the following chapters. 
The first experiment determined the opinion of teachers on the usability of 
educational software. The teacher's perspective is important because teachers 
decide what software is bought for their class and how often it is used. 
Additionally, pupils turn to their teacher when they experience problems with 
software, giving teachers a more complete view on the usability of software. 
Therefore, teachers were asked to report how important they considered several 
usability issues in educational software and whether the software they use in class 
met these criteria.  
Even though the opinion of teachers is crucial to the design of educational 
software, some information may not be available to them. For instance, children 
may not tell their teacher that they experienced a usability problem that they 
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could solve by themselves. Additionally, teachers may not know what children 
like and dislike in software. To investigate the likes and dislikes of children in 
educational software, experiment 2 asked children to complete questionnaires to 
determine how enjoyable particular software programs were and related these 
scores to usability factors that were or were not realised in the programs. In the 
third experiment, the occurrence of usability issues during practice was 
determined. Children were observed while they were working with one software 
program, Leescircus. The results from this third experiment may not necessarily 
generalise to other software programs unless they are combined with the results 
from the other two experiments.  
2.2 Experiment 1 
The first experiment examined the importance of specific usability factors in 
educational software by questioning teachers. The influence of usability factors 
on the frequency of use was determined by asking teachers to indicate whether 
software that they use often and software that they use seldom meets specific 
criteria. The teachers also indicated the relative importance of a number of pre-
defined usability and educational factors. In the past, teachers indicated that not 
enough computers were available at their school to use technology for 
instructional purposes (Bolton, 1994; van Zoelen, ten Brummelhuis, Janssen 
Reinen, & Poorthuis, 1994). It is highly likely that these conditions have changed 
since 1994. When the teachers in the present study agreed that the number of 
computers in school was sufficient, they would probably focus more on the 
amount and quality of available software. Previously, teachers indicated that they 
did not want to spend a lot of time preparing software for use in the class. They 
wanted software to be easily implemented and the educational content to match 
the teaching methods used in class (van Zoelen, ten Brummelhuis, Janssen 
Reinen, & Poorthuis, 1994). These requests indicate that teachers did not have the 
time to implement complex educational software or to develop separate lesson 
plans for educational software. When teachers in the present study were still not 
able to spend time on implementing educational software, they would probably 
prefer time saving aspects of educational software over usability issues that 
related to the enjoyment or learning gain of children. For instance, they would 
find it more important that the program adapted the difficulty of exercises 
automatically than that they could review the performance of individual children.  
Method 
Participants 
Teachers of Kindergarten 2 and Grade 1 as well as remedial teachers (N = 52) 
from a variety of schools in the Netherlands answered questions about their 
personal computer use and about the use of computers in their classroom. They 
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also indicated the relative importance of aspects of educational software. Most of 
the teachers who returned the questionnaire used computers at home or at school 
at least once a week (N = 50), had a computer at home (N = 51) and enjoyed 
using computers (N = 46). They reported that each of their pupils spent on 
average 20 minutes per week working with educational software.  
Materials 
After some introductory questions about the personal computer use of the teacher, 
questions were asked about the preconditions for working with educational 
software in school. The teachers were asked to indicate whether their school 
possessed enough computers at a suitable location where pupils could work 
without disturbing, or being disturbed by, others, whether sufficient qualitatively 
good software for their pupils was available at school or for sale, and whether the 
school provided adequate technical support for using computers and software. 
The answers to these questions would allow us to form an impression of the needs 
of teachers concerning computers in education.  
Next, the teachers were asked to report on the presence of specific aspects in 
educational software, and about the relative importance of these features. Some of 
the aspects related to education (Is the program educational? Does the educational 
content relate to the teaching methods used in class?), others related to usability 
issues important for teachers (Can teachers adapt the difficulty of exercises? Does 
the program adapt the difficulty of exercises automatically? Are the results from 
pupils available to teachers? Can the program be installed easily?). The last 
category of requirements related to usability issues that are important for pupils 
(Does the program look nice? Can pupils start the program themselves? Can they 
use it without help? Do they like the program? Does it motivate them?). The 
teachers reported whether these requirements were met in software that they used 
often and in software that they used seldom, indicating the usability issues that 
determined their use of software. Additionally, they rated the 11 requirements as 
"very important", "important", or "not very important" in the design of 
educational software. To prevent teachers from rating every aspect as very 
important, they were obliged to rate only 4 aspects as "very important", 4 aspects 
as "important", and 3 aspects as "not really important". The complete, translated 
questionnaire is presented in Appendix I. 
Procedure 
Teachers of Kindergarten 2 and Grade 1 were contacted in two ways. First, the 
Leescircus publisher supplied a list of schools that had purchased Leescircus. 
Second, area codes were randomly selected and then schools were selected within 
that area code. The schools were first contacted by telephone. When they agreed 
to participate, the questionnaire was sent to them by mail. Not many teachers 
returned the questionnaire: 109 questionnaires were sent to schools and 52 were 
returned, sometimes after several telephone calls. Sixteen of the returned 
questionnaires were from teachers who used Leescircus in class. The answers 
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concerning the presence of preconditions for successful computer use were 
analysed with one-sample t-tests to determine whether the majority of the 
teachers agreed or disagreed with the statements. The differences between 
software that teachers used often and seldom were determined by chi-square tests 
and the relative importance of usability factors was examined non-parametrically.  
Results 
Preconditions 
The teachers agreed that their schools met most of the preconditions for the use of 
educational software. According to significantly more than half of the teachers, 
the computers in school were located at a suitable location (87%, p < .001), 
school offered the teachers adequate support with using computers (70%, p < .01) 
and software (72%, p < .01), and less than half of the teachers considered 
computers to interfere with their teaching (17%, p < .001). The only concern is 
that approximately half of the teachers thought their school did not own enough 
computers (37%) and good software (44%), even though the majority indicated 
that for their pupils sufficient qualitatively good software was for sale (89%, p < 
.001).  
Software 
The teachers indicated whether specific usability aspects were met in the software 
that they used often (N = 50) and in the software that they used seldom (N = 25). 
The software that teachers used often was more often closely related to the 
teaching methods in class than the software that was used seldom, ² = 15.41, p < 
.001, it was more often educational, ² = 11.48, p < .01, it more often 
automatically adapted the exercises to the performance of the children, ² = 7.19, 
p < .01, the teachers more often thought that it looked nice, ² = 13.55, p < .01, 
that it was motivating, ² = 16.06, p < .001, and that the pupils considered it to be 
fun, ² = 8.23, p < .05. The software that was used often and seldom did not differ 
in the usability of the installation procedure, in whether teachers could adapt the 
difficulty of the exercises, whether children could start the program themselves or 
use the program without help, nor in whether the results of the children were 
available to the teacher.  
The relevance of usability aspects 
Wilcoxon's signed rank test determined the relative importance of the usability 
aspects. Table 2.1 shows for each factor whether it was considered to be more 
important than other factors, p’s < .05. For instance, the requirement that the 
program looks nice (2) was more important than that the program is easy to install 
(3) or that pupils can start the program themselves (6), but less important than 
that pupils can use the program without help (7). As can be seen, the teachers 
considered it the least important that the program is easy to install and that pupils 
can start the program themselves. They considered it most important that the 
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program automatically adapts the difficulty of the exercises, that the pupils can 
use the program independently, that the program is motivating, and that the 
educational content is good.  
Table 2.1 A comparison between the rankings for the eleven factors. Numbers 
indicate the factor that was rated higher according to Wilcoxon’s 
signed rank test.  
  1 2 3 4 5 6 7 8 9 10 11 
1 Exercises match teaching method -  1   1      
2 Program looks nice  - 2   2 7     
3 Program is easy to install 1 2 - 4 5  7 8 9 10 11 
4 Teacher can adapt the difficulty   4 -        
5 Program adapts the difficulty   5  - 5     5 
6 Pupils can start on their own 1 2   5 - 7 8 9 10 11 
7 Pupils can use the program independently  7 7   7 -   7 7 
8 Pupils like the program   8   8  -    
9 Educational content is good   9   9   -  9 
10 Program is motivating   10   10 7   - 10 
11 Results from pupils can be requested   11  5 11 7  9 10 - 
Discussion  
The present experiment investigated the opinion of teachers concerning the 
importance of usability factors in educational software. Teachers indicated the 
characteristics of software that they used often and seldom in class and they 
indicated the relative importance of a number of pre-defined usability and 
educational factors. Ten years ago, teachers reported that the number of 
computers available at their school was too small (Bolton, 1994; van Zoelen, ten 
Brummelhuis, Janssen Reinen, & Poorthuis, 1994). It was expected that these 
conditions would have improved in a decade, but only half of the teachers in the 
present study indicated that their schools possess an adequate number of 
computers. Half of the teachers also indicated that their school did not own 
enough suitable software for their children.  
Previous research showed that the features of educational software that 
teachers considered to be important mainly produced a decrease in the required 
preparation time (van Zoelen, ten Brummelhuis, Janssen Reinen, & Poorthuis, 
1994). The present study shows that teachers still consider these aspects to be 
important. The software that they used often was more frequently related closely 
to the teaching methods in the class than software they used seldom and the 
educational content was better, allowing teachers to use it without having to 
select exercises in the software that match information taught in class. Also, 
software that was used often adapted the exercises to the performance of the 
children more frequently than software that was used seldom. In the present 
study, the teachers also used software more often when they thought that it looked 
nice, that it was motivating, and that pupils considered it as fun. These are aspects 
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of educational software that were not considered in previous studies (Bolton, 
1994; van Zoelen, ten Brummelhuis, Janssen Reinen, & Poorthuis, 1994). Apart 
from the educational content of software, which is beyond the scope of this thesis, 
all aspects that determine how often teacher use educational software ought to be 
investigated in this thesis. First, teachers considered it important that the software 
adapts the difficulty of exercises to match the abilities of their pupils. The 
question then arises how to adapt the difficulty of exercises to the ability of 
children. This will be investigated and discussed in Chapter 3. Furthermore, the 
software should look nice and it should motivate pupils. These are global and 
elusive requirements and therefore, the next experiment aimed to clarify how 
educational software can appeal to children by investigating the connection 
between "fun" and usability factors that relate to fun. The teachers additionally 
considered it important that children could use the software independently, even 
though this did not influence how often they made use of specific software in 
class. The third experiment in this chapter examined some of the factors that 
might hinder children in using software independently, without constant 
supervision of a teacher. 
2.3 Experiment 2 
The action framework described in Chapter 1 suggests that fun or intrinsic 
motivation is important in education because it determines how actively and 
concentrated children will work on exercises (Barendregt & Bekker, 2004). 
Children who are intrinsically motivated learn more and deeper than children who 
are externally motivated (Bumpus, Olbeter, & Glover, 1998; Lin, McKeachie, & 
Kim, 2003; Ryan & Deci, 2000a; Vansteenkiste, Simons, Lens, Soenens, Matos, 
& Lacante, 2004). In the questionnaire, teachers confirmed that "fun" or 
motivation is an important factor in software for children. Therefore, the present 
experiment investigated the factors in educational software programs that could 
affect the enjoyment of children. Research has indicated that in games, the 
enjoyment of children depends on challenge, curiosity, control, and fantasy 
(Malone & Lepper, 1987; Steinberg, 1991). Whether these factors also affect the 
motivation of children for educational software was investigated in the present 
study. It is probably more fun to work with a program that makes you curious by 
offering challenging exercises in a stimulating fantasy environment that allows 
you to be in control than it is to perform exercises that are too easy or difficult 
without any fantasy or control. However, the developers of educational software 
may sometimes need to disregard fun-factors when these are incompatible with 
the educational purpose of the software. For instance, when pupils are offered 
many enjoyable pictures and animations, they will not be able to focus on the 
educational content of the software (Mayer & Moreno, 2002; Merrill, 1988). The 
present study first determined the presence of fun-factors in the educational 
software that is used in schools and then whether the enjoyment of children was 
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affected by the presence or absence of these factors. One additional factor that 
was investigated, is whether novelty affected the motivation of children. It is 
likely that children would enjoy working with software more when it is new than 
when they had already worked with it in class for a long time (Steinberg, 1991). 
The effect of novelty was investigated by allowing a number of children to work 
with a program that was new to them and to determine whether they preferred this 
program to the programs they worked with in class. 
Method 
Participants 
One hundred and seven children from Grade 1 participated in this study, 49 boys 
and 58 girls. Their mean age was 6 years and 8 months. The five schools the 
children attended were located near Amsterdam. All children reported to work 
with computers at school and all but one worked with computers at home.  
Materials 
The children in each of the five classes reported their motivation for two software 
programs they used regularly in school. One of these programs was Leescircus. 
Five children from each of the four classes that did not use Leescircus in class 
were asked to work with it to determine the effect of novelty on enjoyment. 
Consequently, the motivational data of one novel and ten familiar educational 
software programs were obtained. These were all Dutch programs that trained 
children in either reading or calculus. The children were asked to indicate how 
much fun a selected educational software program was by answering 14 questions 
about their attitudes toward that program. These questions were taken from 
Stienstra & Hoonhout (2002) and from Knezek, Miyashita, & Sakamoto (1996). 
The questions related to the feelings children have while working with the 
program (is it boring; childish; difficult; do you enjoy yourself; does it remain 
fun; do you perform well; do you make many mistakes; do you want to continue 
working with the program), and to their feelings after using the program (would 
you work with this program when no one tells you to or when other children can 
choose to do what they want; do you think your friends would like this; would 
you like to have this program at home). The complete, translated, questionnaire 
can be found in Appendix II. The children received one point for each answer that 
indicated that they were motivated to work with the program. Their motivation 
was defined as the percentage of motivated answers. The scale appeared 
internally consistent,  = .69.  
The experimenter completed a checklist for each of the ten educational 
software programs. This checklist contained 33 items concerning challenge (goals 
and feedback), curiosity (sensory and cognitive), control, and fantasy based on 
the taxonomy of Malone and Lepper (1987). The complete, translated checklist 
can be found in Appendix III. Because we were primarily interested in the 
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frequency of individual responses instead of in calculating an aggregated usability 
score for programs, no further item or reliability analyses were performed. 
Procedure 
Small groups of children (N < 6) were taken to a quiet room in school. The 
experimenter explained to the children that she would ask them some questions to 
determine how they felt about two of the software programs they used regularly 
in class. After she had emphasized that there were no right or wrong answers, she 
asked them the fourteen questions of the fun questionnaire first about one 
program and then about the other. The children answered the questions in private, 
to reduce the risk of socially desirable answers, by ticking either a "yes" or "no" 
box after each question.  
When all children in the class had answered the questions, five children were 
randomly chosen to work with Leescircus. They were individually taken from the 
classroom, worked with Leescircus for approximately fifteen minutes and then 
answered the fun questionnaire, again individually. Finally, the experimenter 
completed the checklist for the two programs. 
Results 
The programs that were evaluated in this study met 14 to 21 (M = 17.7) of the 33 
criteria. Table 2.2 shows the number of programs that complied with each of the 
criteria. The criteria for Leescircus are included only once.  
Table 2.2 The number of programs (max 10) that include the designated aspect. 
 Aspect of educational software 
(challenge) 
Nr. of 
programs
Aspect of educational software 
(curiosity, control, and fantasy) 
Nr. of 
programs
 Visible score 7   Various backgrounds 9  
 Children set goals themselves 6   Backgrounds are fun 9  
 Short term goals 10   Various sounds / voices 4  
 Short and long term goals 2   Sounds are fun 5  
 Exercise match frame of reference 9   Exceptions on knowledge 3  
 Various levels of difficulty 6   Incomplete knowledge emphasized 1  
 Various goals 2   General rules on basis of examples 2  
 Hidden information 9   Events software depend on actions child 9  
 Coincidences in the program 9   Child can choose exercise or layout 6  
 Feedback is present 8   Actions have consequences 4  
 Feedback is clear 7   Identification with main character 3  
 Feedback is informative 5   Child can choose fantasy world 3  
 Feedback is encouraging 3   Imagination can be used for fantasy 10  
 Emphasis on good performance  10   Metaphors (night falls) 0  
 Practical value is explained  4   Use of analogies 0  
 Layout matches frame of
reference 
9   Exercises intrinsic to fantasy 2  
 Co-operation or competition 1    
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All of the programs set short term goals, emphasized in feedback what a pupil 
had done well, and allowed children to use their own imagination in the fantasy 
world. None of the programs used analogies or metaphors to explain information 
to the children. Most of the software provided exercises and a fantasy that 
matched the frame of reference of the children, exercises that used hidden 
information to excite the curiosity of children, coincidences, different and nice 
backgrounds, and the events in most software depended on actions from the 
children. However, few of the programs facilitated co-operation or competition, 
or emphasized incomplete knowledge.  
The children scored on average 71.8% on the fun questionnaire (sd: 19.3%) 
and this score differed between programs, F(10,223) = 2.732, p < .01. Post hoc 
tests showed that the average fun score of the children who worked with 
Leescircus for the first time (M = 84.6%) was significantly higher than the 
average fun score for the program that evoked the lowest scores (M = 64.5%). 
None of the other programs differed in the fun score they evoked, possibly 
because the range of children’s fun scores within programs was rather large 
(maximum and minimum score per program on average 36 and 97%). The 
motivation of children appears to vary more within programs than between 
programs. As a result, it was not possible to ascribe differences on the fun 
questionnaire to aspects of educational software. 
Discussion 
In the first study of this chapter, teachers confirmed that fun is an important factor 
of educational software. Fun is assumed to ensure that pupils will work actively 
and thus increase the efficiency of educational software (Barendregt & Bekker, 
2004; Bumpus, Olbeter, & Glover, 1998; Lin, McKeachie, & Kim, 2003; Ryan & 
Deci, 2000a; Vansteenkiste, Simons, Lens, Soenens, Matos, & Lacante, 2004). In 
games, the enjoyment of children depends on challenge, curiosity, control, and 
fantasy (Malone & Lepper, 1987; Steinberg, 1991). The present study 
investigated whether educational software programs that are used in schools are 
designed to be challenging, to evoke curiosity, and to give control to the pupils. 
For this purpose, a checklist was completed for ten programs. Additionally, it was 
investigated how these aspects affect the motivation of children. Therefore, pupils 
who used the software indicated how much fun they thought it was.  
The challenge of the programs that were investigated was rather high: all 
software provided short term goals to pupils, the scores were visible to the 
children, children could often set goals for themselves, and exercises mostly 
matched the frame of reference of the pupils. Only long term goals and different 
types of goals appear to be lacking in current educational software. These may be 
two requirements where motivation clashes with education (Merrill, 1988). It 
might be very motivating for children to receive two goals at the same time, but 
they may not be able to pay attention and learn from these two goals 
simultaneously (Mayer & Moreno, 2002). The effect of multiple goals, presented 
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as feedback, was investigated in two experiments that are discussed in Chapter 5. 
In the investigated programs feedback was often not encouraging, but overall, the 
programs did focus on what the pupils had done correctly. Apart from goals and 
feedback, another aspect of challenge that is used in many games, but clearly not 
in educational software, is competition and co-operation. It is not surprising that 
educators do not want software to promote competition between competent and 
less-competent pupils, but co-operation could be promoted through education 
software. On the other hand, children spend more time off-task when they are 
working together than when they are working alone and they therefore learn less 
(Jackson, Kutnick, Kington, 2001). 
The investigated programs did not contain many features that evoke curiosity. 
Almost none of the programs used any of the methods to evoke cognitive 
curiosity. This is probably due to the nature of the programs. Cognitive curiosity 
may be applicable more to software for older children than for younger children. 
Physics, science, and social studies, for example, evoke more curiosity than 
beginning reading and calculus (Niederhauser & Stoddart, 2001). Additionally, 
young children are often intrinsically curious, willing to learn, and may therefore 
not need software that evokes cognitive curiosity (Ryan & Deci, 2000a). The 
sensory curiosity of the software was also lacking, especially considering the fact 
that multimedia environments offer many opportunities of increasing sensory 
curiosity, even without endangering the efficiency of the software (Mayer & 
Moreno, 2002). The results show that the design of graphics (backgrounds) is 
good, but that programs are lacking in the diversity of sounds and in the appeal of 
sounds.  
The last aspects of educational software that were investigated, were control 
and fantasy. The children were able to exercise control over the events in most of 
the software, although not all of their actions were followed by clear 
consequences. The aspect of software that least of the programs complied with, 
was fantasy. All programs were designed with some form of fantasy, but hardly 
any contained a main character, offered a choice of fantasy worlds, or provided 
exercises intrinsic to the fantasy. Also, specific strategies for incorporating 
fantasy in educational software, using analogies and metaphors, were not used at 
all.  
Because all programs appeared on average to be equally “fun” for children, it 
was impossible to ascribe differences in motivation to the fun factors of the 
software. The only factor that affected the motivation of children was novelty 
(Steinberg, 1991). That the fun measure greatly differed amongst children 
suggests that fun is a personal experience that can not easily be standardised. It 
may therefore be more valuable to study factors that influence usability and 
learning than factors that influence fun. The next experiment aimed to identify 
usability problems that children experienced while they were working with one 
specific software program. 
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2.4 Experiment 3  
It has not always been common practice, as it is today, to let children test the 
software they will be using. During the 1970s and 1980s, users, let alone children, 
were rarely involved in the design process (Druin, 2002). Today, however, 
children are asked to be a part of all stages of this process. One of these stages is 
the usability testing of a program (Druin, 1999). 
It is important that a usability test of software is performed by a representative 
sample of users, because not all users are the same. Different users may encounter 
different problems and make different remarks. For instance, gender can have an 
effect on the number of problems children find in a software program (Donker & 
Markopoulos, 2002). Also, the experience children have with computers may 
affect the problems they encounter (Druin, 2002). For example, children who 
have never worked with computers may find it difficult to use a mouse. However, 
in modern western societies it may prove difficult to find children who have 
never used computers. In 1996, 79% of fourth graders (8 to 10 years of age) used 
computers either at school or at home and we can expect this number to have 
increased since then (Student computer use, 1999).  
In addition to general computer-experience, the experience children have with 
specific software is probably also important during usability testing (Caulton, 
2001). The present study tried to determine whether the information provided by 
children with and without software-specific experience is informative. We 
expected expert users, children who had used specific software for an extended 
period of time, to encounter fewer problems than novices, children who had never 
used this software. Novices would experience a number of problems that experts 
no longer experienced, because they learned how to avoid these problems. 
Consequently, the number of experts that experienced a certain problem 
compared to the number of novices that experienced that problem indicated the 
persistence of a problem. Also, experts would discover some problems that 
novices did not, because experts and novices view software programs from 
different perspectives. Whereas novices would give a first impression of the 
program, possibly affected by the novelty effect, experts would provide more 
information about the suitability of the software for extended use and about 
possible inconsistencies in the design of the program.  
In the present study, the usability of Leescircus was tested by experts and 
novices using talk-aloud. Talk-aloud is an adaptation of think-aloud where 
children are instructed to talk about what they are doing instead of thinking. 
Previous research has shown that children who talk-aloud during testing uncover 
more problems than children who answer specific questions (Donker & 
Markopoulos, 2002). However, these children often needed to be prompted to 
keep talking. This indicates that children find it difficult to talk-aloud. Moreover, 
when children are prompted, they may feel obliged to mention problems to please 
the experimenter. This could lead to non-problems being reported (Donker & 
Markopoulos, 2002). When children are instructed, but not prompted, to talk-
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aloud, they may be more comfortable and therefore report fewer non-problems. 
However, children may then fail to mention certain problems that they do not 
consider important. It may therefore be a good idea to observe the behaviour of 
the children while they are performing this voluntary talk-aloud. In the present 
study, we tried to determine whether the information obtained by voluntary talk-
aloud complemented with behavioural observations is a valuable method to test 
the usability of software for children. 
Method  
Participants 
For the purpose of this study, 70 Dutch children, 32 girls and 38 boys, were asked 
to test the usability of a software program. The children were 26 pupils of 
Kindergarten 2 (mean age 6 years and 0 months) and 44 of Grade 1 (mean age 7 
years and 0 months) in schools in Amsterdam and Hengelo (the Netherlands). 
Some of the children in Amsterdam were not native Dutch speakers, but all of 
these children were able to communicate in Dutch very well. The 12 experts in 
K2 had been working with the program 3 times a week for 3 months, the 21 
experts in G1 had been working with the program twice a week for 6 months. The 
other children had never seen the program before they tested it. All of the 
children reported to work with computers on a regular basis, both at school and at 
(a friend's) home. All but 6 of the children reported to have experience with using 
a computer-mouse. The children were tested in the second half of the school year, 
at which time the children in Grade 1 had received 6 months of formal training in 
reading. The children were tested within a three-week period, ensuring a similar 
reading level for all children in the same grade. 
Materials 
The children tested the usability of "Leescircus" (Reitsma, 1999). For a 
description of this program, see Chapter 1. During a preliminary evaluation of the 
software we discovered some possible problems. These problems could be 
divided into 4 categories. First, children may be bored by the information 
provided by the system, i.e. any specific request the system makes (instructions), 
or find this information difficult to understand or remember. Second, initiating 
actions could be problematic (interaction). Third, the function of the icons that are 
used in the software may be difficult to deduce (icons) and finally, there may be 
inconsistencies in the design of the program (inconsistent design).  
Instructions. The exercises in the program start with spoken instructions on 
how to complete that particular exercise. When children are working with the 
software, it is important that they pay attention to these instructions. We recorded 
two types of behaviour that indicated that the children were not paying attention 
to the instructions. The first was that children were restless, looking around, 
changing their seating position, etcetera. The second was that children tried to 
start clicking during the instructions. Especially expert children were expected to 
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direct their attention at objects or events other than the software, because they did 
not need the instructions to complete the exercises. When both novices and 
experts were easily distracted, the instructions were not interesting enough, but if 
both were not easily distracted, the instructions were sufficiently interesting.  
Some of the instructions in the program may have been difficult to understand 
or to remember, especially for novices. We recorded an instruction-problem when 
children did not follow the instructions. For example, some of the instructions 
asked the children to perform certain actions in a specific sequence (e.g. "Drag 
the first letter of /pen/ to the first square, than drag the second letter. Continue 
until you have written the entire word."). Children who found this hard to 
understand or remember may have dragged the /e/ of /pen/ to the second position 
in the word before they dragged the /p/. Because it was impossible to judge 
whether children did not understand or remember the instructions, these two 
problems were recorded in the same category. Because the instructions in the 
program were new to the novices, they would experience more interaction 
problems than the experts. If both experts and novices hardly encountered any 
instruction problems, it could be concluded that the instructions were sufficiently 
informative. If they both experienced a lot of problems, the instructions were too 
difficult.  
Interaction. The children interacted with the software by clicking on objects 
and by dragging them to matching objects. When children found it difficult to aim 
with the mouse, clicking could cause problems. Children may have found it 
difficult to hold the mouse still over small objects, especially when they had to 
depress the mouse-button simultaneously (Crook, 1992). We recorded the number 
of times children clicked right next to an object. Because the number of objects 
children tried to click on was variable, we could not calculate the number of 
problems per object. Therefore, we merely calculated click errors per exercise. 
All exercises needed to be answered by dragging objects, which may also have 
caused problems for young children. There were two important sources of error 
during dragging. First, it was probably difficult to pick an object up to start to 
drag it. Part of these problems had the same cause as problems in clicking, i.e. 
that children sometimes clicked right next to the "hot-spot" so the object was not 
activated. Another problem may have been to sustain pressure on the mouse-
button while initiating movements with the mouse. We classified these problems 
in the same category and calculated the percentage of items that lead to a drag-
problem. Not only starting to drag was difficult, but it could also be difficult to 
move objects to the release spot or to drop them. Holding one mouse-button 
pressed while moving the mouse could be difficult, especially for K2 children 
(Inkpen, 1997; MacKenzie, Sellen, & Buxton, 1991). Children may have released 
the mouse-button before the mouse was positioned on the release spot. We 
recorded the number of times children dropped an object on a part of the screen 
that was not a receptor-site and we calculated the average number of problems 
per object.  
24 Chapter 2 
Because experts had practised with the program and its interaction-methods, 
they would experience fewer problems. If experts and novices both experienced 
many problems, this indicated that the objects in the software were too small and 
that dragging was too difficult. If both experienced few problems, interacting 
with the software did not require practice. Because children in Grade 1 have 
better developed motor-skills, they would probably experience fewer interaction-
problems than children in Kindergarten 2. 
Icons. In the program three icons are used, see Figure 2.1. The hand allows 
children to stop the program, the monkey moves towards the banana to indicate 
how many exercises are left in a set, and the female ringmaster allows the 
children to replay the instructions. It is very important that children know the 
function of these icons, but this may be difficult to deduce. To determine whether 
children knew the meaning of the icons, we asked them to explain the function of 
the icons after they completed the exercises. 
Figure 2.1 The icons used in Leescircus. 
The experts had seen and used the icons more often than the novices and 
should therefore be more accurate in describing their function. If most experts 
and novices knew the function of the icons, this indicated that the icons were easy 
to understand. If very few experts and novices knew the function of the icons, 
they were too difficult to understand. 
Inconsistent design. Experts may have been good at uncovering inconsistent 
design. In the preliminary evaluation of the software, one specific instance of 
inconsistent design was discovered. In most exercises, children could click on 
pictures to hear the words that they depict, but three specific vocabulary exercises 
were designed with "silent" pictures. Clicking on these pictures did not result in 
spoken words. However, because the cursor was the same for all pictures, 
children could not detect this difference. Because most of the novices would not 
yet know that some pictures could be clicked, only a few of them would notice 
this inconsistency. Most of the experts would know that pictures could be clicked. 
Therefore, they should discover the inconsistency more easily. For the children 
who performed an exercise in which this shortcoming was present, we recorded 
whether they tried to click on the silent pictures. If both experts and novices 
discovered the inconsistency, this indicated that the regularities in the design 
could easily be deduced. If neither novices nor experts discovered the 
inconsistency, the regularities in the design were too hard to infer.  
In addition to recording these pre-defined problems, the children may mention 
additional problems. Whereas novices would often make remarks to indicate 
whether they liked the layout of the program, the remarks of experts would 
probably focus more on the content of the software.  
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Procedure 
For the purpose of this study, the exercises and tests in the software were 
combined into 4 different sets of 8 or 9 exercises and tests. By carefully 
combining exercises, each set was constructed to have an unique focus on one 
stage of beginning reading. The first two sets both focused on phonological skills: 
a basic set containing, for example, rhyming and initial blending tasks, and a 
more advanced set focusing on segmenting words and positioning sounds within a 
word. The other two sets focused on practising letter-sound correspondences and 
word identification respectively. Each child tested one of these four sets. Children 
in Kindergarten 2 only tested the sets concerning (basic and advanced) 
phonological skills because the more advanced sets contained exercises that were 
too difficult for them. Children in Grade 1 tested the easy and the more advanced 
sets. In all sets of exercises the instructions and the feedback were similar and 
children had to interact by clicking and dragging. The only difference was that in 
the more difficult sets of exercises, children not only dragged clowns and (parts 
of) pictures, but also letters and the mouths of clowns (indicating single 
phonemes). These objects are smaller than the objects in the other sets and may 
therefore have been more difficult to drag.  
We tested the usability of the program by observing children who talked-aloud 
while they were performing a set of exercises. A pre-test of our usability method 
demonstrated that the observers could look at the screen, record pre-defined 
problems, and listen to the pupils at the same time. In spite of the fact that the 
children had been instructed to talk-aloud, they were remarkably quiet, so that 
any remarks that they made could easily be recorded by an observer.  
The usability test was performed by each child individually together with the 
experimenter in a session of approximately 30 minutes in a quiet room at their 
school. First, we asked the children a few short questions about themselves and 
their use of computers. Then we instructed them on how to perform the usability 
test. We told them that not they, but the software was being tested and we 
encouraged them to comment on the software and to talk about the actions they 
were performing. The experimenter explained that comments and criticism would 
help to create better software that could be more fun to work with. After this brief 
instruction, the children completed one set of exercises on the computer while the 
experimenter tallied the pre-defined problems the children encountered and 
recorded any remarks they made. During the usability test, the experimenter did 
not prompt the children to talk. The children sometimes asked the experimenter 
for help on the exercises, but these questions were answered with counter-
questions. After the children had completed the exercises, we asked them to 
explain the meaning of the three icons and we asked whether they had any 
additional comments on the program.  
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Results  
To establish whether the sets of exercises performed only by G1 children were 
more difficult than the sets performed by all children, a one-way ANOVA was 
performed on the data provided by G1 children. It revealed no differences 
between the sets of exercises. To determine the differences between the number 
of pre-defined problems uncovered by experts and novices a multivariate analysis 
of variance (MANOVA) was performed. Because of possible differences in 
ability between children in K2 and G1, grade was included in this analysis. There 
was no significant effect for grade on the dependent variables, but the effect of 
experience was significant, F(6,61) = 6.59, p < .001. The univariate effects of 
experience will be described separately for all independent variables.  
Instructions. Children were very patient during instructions and feedback. 
They showed signs of impatience 0.16 times per exercise and they clicked early 
0.32 times per instruction. There were no significant differences between children 
with and without expertise. Problems with understanding or remembering the 
instructions and feedback occurred in 20% of the exercises. Experts (M = 0.12) 
experienced fewer problems with instructions than novices (M = 0.26) did, 
F(1,66) = 26.22, p < .001.  
Interaction. Children made on average 0.28 click errors per exercise. Experts 
(M = 0.17) encountered fewer click-problems than novices (M = 0.37) did, 
F(1,66) = 4.13, p < .05. Children had problems picking objects up 7% of the 
times they had to drag something. Experts (M = 0.047) found dragging less 
difficult than novices (M = 0.094), F(1,66) = 7.16, p < .01. Dropping objects also 
lead to problems in 7% of the items, but this was not more difficult for novices 
than for experts. 
Icons. The meaning of the icons was not very well known. The meaning of 
each of the selected icons could be explained by, on average, 35% of the children. 
Only the meaning of the monkey and the banana could be explained by more 
experts (42%) than novices (14%), ² = 7.37, p < .01.  
Inconsistent design. We investigated one specific inconsistency in the design 
of the program, namely that the difference between pictures on which children 
could and could not click was not visible. Of the children who received an 
exercise in which they could not click on pictures, approximately 24% discovered 
the inconsistency by fruitlessly trying to elicit sounds from the picture. This 
percentage was not significantly higher for experts than for novices, ² = 3.29, 
n.s.. However, the experimenter had explained to some of the novices that it was 
possible to click on pictures in a previous exercise. These novices should be 
considered as experts in the analysis of this particular shortcoming. The 
percentage of informed novices and experts who discovered the inconsistency 
(39%) was higher than the percentage of non-informed novices who discovered it 
(13%), ² = 5.09, p < .05. No other shortcomings were found in the design of the 
program.  
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Table 2.3 The number of remarks made by novices and experts concerning 
various aspects of the software. 
Remarks concerning: Novices Experts 
Layout 7 7 
Feedback & Instructions 10 2 
Dragging  7 5 
Volume  3 3 
Exercise 1 4 
A desire to quit 3 1 
 
Talk-aloud. The children were remarkably quiet during testing. Only 28 
children made in total 54 remarks, see Table 2.3. Novices commented on the 
feedback and instructions more than experts. They indicated that they thought the 
instructions were too long and they repeated feedback they received (e.g. "Now 
they're all correct!"). Novices also indicated that they wanted to stop practising 
more often than experts.  
Both experts and novices remarked that they liked the layout (e.g. "ha ha, the 
zebra's are in a car!"), that they did not like to drag (e.g. "I can't do the lips"), 
and that the volume on the laptop was too low. Experts needed more help than 
novices on the execution of specific exercises (e.g. "Do I have to pay attention to 
the words or to the pictures?"). 
Discussion  
As we had expected, voluntary talk-aloud complemented with behavioural 
observations was a valuable method to investigate the usability of software for 
children in K2 and G1. The behavioural observations of novice users determined 
whether anticipated problems were experienced, the observations of experts 
determined the persistence of problems, and the remarks that the children made 
provided information about the importance of problems and about problems that 
we had not anticipated. It should be noted that these results do not necessarily 
generalise to different age-groups. Most of the problems we had anticipated, were 
indeed experienced by novices. Experts still experienced some of the problems, 
indicating that these problems are quite persistent. Some of the problems were no 
longer experienced by experts, which indicates that these are problems that 
children can solve by themselves. To examine how easily children solve these 
problems, the behaviour of children should be observed more often while they 
acquire expertise with the software.  
Instructions. Signs of impatience were only shown once every 6 exercises and 
experts and novices both clicked early once every 3 instructions. In the absence of 
an adult observer, the children may be more impatient, but generally, the signs of 
impatience are expected to be even less frequent in daily use. In normal use, 
children perform only a small number of exercises per session, listening to a short 
version of the instructions when an exercise has been presented in a previous 
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session. In the present study, however, a number of different exercises were 
presented to the children in one session, each time accompanied by elaborate 
instructions. It is therefore concluded that the instructions were sufficiently 
interesting, not only for novices, but also for experts. The instructions did lead to 
instruction-problems, however. These problems did not persist, because experts 
no longer made as many errors as novices. Experts had probably learned how to 
perform the exercises through practical experience. However, it is clear that the 
instructions need to be revised. 
Interaction. Children who had experience with the program made fewer errors 
in selecting objects and in starting a drag sequence than children who worked 
with the program for the first time. Both of these problems occurred because 
children clicked next to the hot-spot. Experts probably experienced fewer 
problems because they knew that the relatively small objects had to be selected 
very accurately. However, it may still be advisable to increase the size of the 
objects or to include an active area surrounding the objects. The expert children 
did not make fewer drop errors than novices. This suggests that although the 
experts had learned the peculiarities of the program, they did not have better 
developed motor skills than the novices. The number of drop errors will probably 
decrease when objects have to be dragged over smaller distances (Joiner, Messer, 
Light, & Littleton, 1998; Jones, 1989; Phillips & Triggs, 2001; Whisenand & 
Emurian, 1999). 
Icons. The meaning of the icons was clear to relatively few of the experts and 
novices. Only for one of the icons, significantly more experts than novices had 
learned its meaning, but still only 42% of the experts answered correctly. It is 
obvious that the meaning of the icons is too difficult to deduct, even for experts.  
Inconsistent design. The shortcoming in the design of the program was 
discovered mostly by experts or by novices who were informed about the 
structure of the program. Thus, the structure of the program was not immediately 
clear to novices. Experts had learned that the pictures in the program can be 
clicked and are therefore better equipped to discover inconsistencies in the design 
of the program. 
Talk-aloud. The children did not make many remarks, which indicates that 
they did not feel like talking during testing or that they did not consider many 
problems important enough to mention. This inclination to report problems in a 
usability test does not depend on the age of children (Donker & Markopoulos, 
2002). The few remarks the children made provided us with valuable information. 
Both experts and novices remarked that they found it difficult to drag with the 
mouse, which indicates that the problems they had with clicking and dropping 
were important to them. The children also mentioned that the volume of the 
laptop was too low, a problem that we had not anticipated. That the children 
talked about the layout of the program implies that voluntary talk-aloud can not 
only be used to uncover usability problems, but also to collect the opinions of 
children. Novices indicated that they wanted to quit, but experts did not feel the 
same way. However, experts indicated that certain exercises were more difficult 
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than others. These may have been two manifestations of the same problem, i.e. 
that children did not like to work on exercises that were too difficult for them. 
Since only 28 of the 70 children made any remarks, a substantial number of 
subjects is necessary to benefit from the advantages of voluntary talk-aloud in 
usability testing. 
2.5 General discussion 
The present chapter discussed three studies with the common aim of selecting a 
number of usability issues for further research. The first experiment asked 
teachers about their opinions on usability in educational software. The teachers 
considered it important that software would automatically adapt the difficulty of 
exercises. This requirement becomes only more salient when we consider that 
only 6 of the 10 programs that were investigated in the second experiment offered 
exercises that differed in difficulty. Thus, one of the goals of the present thesis 
was to provide some insights in how to adapt the difficulty of exercises to the 
skills of children. Two experiments that examined this issue will be discussed in 
Chapter 3. 
Also, teachers indicated that they want software to be educational and 
motivating. The educational value of software falls outside the scope of the 
present study, but consulting educators during the design of educational software 
probably ensures that the quality of educational content is high. The desire for 
educational software to be motivating is rather vague and elusive. Therefore, the 
second experiment aimed to determine more specific factors that influence how 
much pupils like a program. However, due to large differences in fun scores 
among children, it was not possible to detect differences between programs or 
aspects of educational software. It was clear that many aspects that were assumed 
to be motivational were not present in current educational software. One of the 
features that were lacking was the presentation of multiple goals simultaneously. 
Goals in educational software are often presented as, or at leas accompanied by, 
matching feedback. Feedback was also considered important by children, as 
expected on the basis of the user action framework and the results from the 
second experiment (Andre, Hartson, Belz, & McCreary, 2001). Therefore, 
Chapter 5 describes two studies that were conducted to investigate the effect of 
different types and amounts of goals and feedback on the performance and 
motivation of children. Other features that were absent were that software could 
have contained more sounds, provided the children with more control and that the 
children may have wanted to co-operate with each other.  
Whether children valued these recommendations was examined in the third 
experiment in which a usability test of Leescircus was performed. The comments 
children made while they were using Leescircus showed that they considered 
layout and feedback important. However, it may not be possible to formulate 
general guidelines concerning layout because this is largely a matter of taste. 
30 Chapter 2 
Moreover, the children made almost no negative comments on layout. They all 
liked the pictures and made no comments about sound. The results from the 
usability test mostly called for research on the mouse skills of children. This was 
confirmed by the teachers who considered it important that pupils can use 
software independently and by the requirement that children should be in control 
of the software. Therefore, the ability of children to use a computer mouse will be 
investigated in Chapter 4.
 3 
Adapting the difficulty of exercises 
3.1 Introduction 
It is generally assumed that the difficulty of exercises should be adapted to match 
the skill of children for optimal learning gain. However, in classroom 
instructions, it is difficult to offer all children individualised instructions and 
exercises. Therefore, all children in a class normally receive the same instructions 
and the same exercises. Educational software can be an adequate tool to add some 
individualisation to this generally uniform teaching method. One of the 
advantages of educational software is that, without using time-consuming 
procedures, it can offer children exercises that match their abilities. Exercises of 
the correct level of difficulty are challenging to children, they ensure optimal 
learning gain, and they are motivating (Armstrong & Loane, 1994; Bork, 1986; 
Bumpus, Olbeter, & Glover, 1998; Jones, 1998; Ohlsson, 1986; Rieber, 1991, 
1996; Steinberg, 1991; Stienstra & Hoonhout, 2002). It is expected that very easy 
exercises will result in boredom and low motivation. Difficult exercises may also 
lead to low motivation, not because of boredom, but due to frustration (Schunk & 
Ertmer, 1999). A similar influence may be found for learning effects. Children 
are not likely to learn when they know the answer to all of the questions. On the 
other hand, when children can not answer any of the questions correctly, they are 
also not likely to learn much.  
A rather straightforward method to match the difficulty of exercises to the 
ability of children in educational software is to offer children exercises with a 
specified rate of success. When children are not as successful as required, the 
difficulty of the exercises should be increased or decreased until the children do 
attain the desired rate of success. The rates of success that are associated with the 
highest learning gain and the highest motivation will be somewhere between 
“very easy” and “very difficult”. It is not clear, however, how high the rate of 
success should be exactly to motivate children or to result in high learning gains. 
Therefore, the experiments in the present chapter aimed to investigate what levels 
of difficulty result in high motivation or high learning gain for beginning readers. 
The first experiment investigated how suitable reading exercises could be 
assigned to first time users of educational software and how the performance of 
32 Chapter 3 
children was related to their motivation. The second experiment examined how 
the reading skills of average, poor, and good readers in a class improved from 
practising reading skills that had been, were being, or would be taught in class.  
3.2 Experiment 1 
One way to ensure that young readers practice with exercises at their own level of 
difficulty is to ask them all to begin with the easiest exercise in the program and 
then advance to a level of difficulty that fits their abilities. This is a laborious 
process and it could mean that children have to perform easy exercises for a long 
time before they are allowed to work with challenging exercises. Alternatively, 
teachers could be asked to assign a first exercise to all children in their class 
because teachers generally know the reading abilities of their pupils. However, 
whether exercises are challenging does not only depend on the skills of children, 
but just as much on the difficulty of the task. Teachers may not be sufficiently 
familiar with the exercises in educational software to be able to select appropriate 
exercises for their pupils. It may be more convenient to let an introduction-test in 
the program determine the skill of children and assign exercises with a matching 
level of difficulty. Such a test should be able to discriminate between readers of 
different levels and it should assign appropriate exercises to all children. In 
Leescircus, the introduction-test assigns children to one of five different exercises 
that represent five reading levels. The present experiment aimed to determine the 
suitability of this procedure by comparing the exercises that were assigned to 
children by Leescircus and by teachers. Additionally, to study how the 
assignment of exercises affected performance and motivation, children worked 
with the program for some time. Some children worked with exercises that were 
assigned to them either by their teacher or by the program. A comparison group 
worked with the easiest exercises in the program. 
Method 
Participants 
The children who participated in the present experiment were 115 Kindergarten 2 
pupils, 64 boys and 51 girls. The seven schools that they attended were located in 
more rural areas of the Netherlands. The mean age of the children at the onset of 
the study was 6 years and 2 months and they had received no formal reading 
training. Originally, 193 children participated, but children who did not complete 
all questionnaires and children who had not practiced at least 8 times were 
excluded from the analyses. 
Materials and procedure 
First, the children completed a test that evaluated their blending skills and a letter-
test (Struiksma, van der Leij, & Vieijra, 1997). In the blending test, the 
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experimenter voiced the phonemes of a word and the child was asked to blend 
these sounds into a word. The test consisted of three examples and fifteen items. 
Children received one point for each item they blended correctly. In the letter-test 
the children were asked to sound or to name 36 letters and letter clusters. They 
received a point for each correctly identified letter or cluster.  
After these standardised reading tests, all children completed the introduction-
test in Leescircus, containing five rhyming, five blending, and ten word reading 
exercises. In the rhyming exercises the children saw an isolated clown who said a 
word when clicked upon and four clowns who each said a different word. One of 
these words rhymed with the word of the isolated clown. The children were asked 
to drag the rhyming clown to a square beneath the isolated clown. In the blending 
exercises, they saw four clowns who said whole words and an isolated clown who 
said the phonemes of one of these words. The children had to move the clown 
who said the matching word to a square beneath the isolated clown. The last 
exercises concerned word reading. The children clicked on an isolated clown with 
glasses to see a word they had to read. They also saw three clowns who said 
words. They had to move the clown who said the written word to the square 
beneath the isolated clown. The children received one point for each item in the 
introduction-test that they completed correctly in one try, half a point for items in 
which they made one mistake and no points when they made more mistakes. 
Their score on the test was defined as the average score over items (between 0 
and 1). On the basis of the introduction-test results, the program assigned one of 
five exercises to children. In the present study, none of the children were assigned 
to the exercise belonging to a score of less than .20, the most easy exercise in the 
program. The children who scored between .20 and .40 (N = 4) were assigned to 
exercises concerning blending and segmenting, children who scored between .40 
and .60 (N = 33), between .60 and .80 (N = 44), and between .80 and 1 (N = 34) 
were assigned to exercises that trained increasingly more difficult letters. 
The suitability of the introduction-test assignments was determined by 
comparing them to the score of children on the blending and letter test and to an 
assessment of their reading level by their teacher. The teachers received some 
information on the difficulty of fifteen exercises and were then asked to assign 
every pupil to one of these exercises. The teachers could assign the same five 
exercises as the introduction-test as well as to ten additional exercises. Five of the 
ten additional exercises were more difficult than the introduction-test exercises. 
The content of the exercises was described to the teachers to indicate their level 
of difficulty (e.g. “Letters: i, aa, k, m, n, r, s”). In the present study, the teachers 
only assigned children to twelve of the exercises; they neglected the three most 
difficult exercises.  
After all children had been assigned by the program and their teacher, some 
started training with the exercise that was assigned to them by their teacher, 
others with the exercise that was assigned by the introduction-test. A third group 
of children started practising with the easiest exercise in the program, the exercise 
that would have been assigned to children who scored less than .20 on the 
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introduction test. The fact that none of the children were assigned to this exercise 
by the program confirmed that it was too easy for these children. The children 
were randomly assigned to one of these three groups. The average scores of the 
children in the three groups on the blending, letter, and introduction test did not 
differ, F’s • 1. The first time the children practised with the program, the 
experimenter was present to answer their questions. After this introduction, the 
children were required to work with the program independently for 8 weeks, two 
10-minute sessions a week. However, due to several factors beyond our control, 
the number of practice sessions differed greatly between children. On average, 
they completed 13.9 sessions (sd: 3.0; range: 8 to 21). The average number of 
sessions did not differ per condition.  
While the children worked with the program, the computer recorded their 
performance. Scoring was identical to the scoring in the introduction test. After 
the children had completed their last session with the program their motivation 
was measured by the same questionnaire as used in the second experiment in 
Chapter 2. The children answered fourteen questions about their attitude toward 
the program. These questions were taken from Stienstra & Hoonhout (2002) and 
from Knezek, Miyashita, & Sakamoto (1996). The motivation of the children was 
defined as the percentage of their answers that indicated that they were motivated 
to work with the program. The complete, translated, questionnaire can be found 
in Appendix II. The scale appeared internally consistent,  = .76.  
Results 
The mean performance of children on the blending test, the letter test, the 
introduction-test, their average performance during practice, and their average 
score on the fun questionnaire are displayed in Table 3.1 as a function of 
condition. 
Table 3.1 Mean performance on the tests and during practice, fun score, and 
number of practice sessions as a function of condition. 
 Blending 
test  
Letter 
test 
Introduction 
test 
Performance 
during practice
Fun 
score 
Number of 
sessions 
N 
Overall 7.03 14.88 .68 .73 79.9 13.9 115
Teacher 6.06 14.06 .66 .73 83.4 14.0 36 
Program 7.05 16.20 .68 .71 77.1 13.9 41 
Easy exercise 7.92 14.24 .70 .75 79.5 13.9 38 
 
The performance of children on the introduction-test correlated with the 
number of letters they knew, r = .58, p < .001, with their blending skills, r = .51, p 
< .001, and with their performance on Leescircus during the 8-week practice 
period, r = .66, p < .001. The performance of children on the introduction-test is 
graphically displayed in Figure 3.1. Many children received a perfect or near-
perfect score, indicating that the introduction-test was not able to differentiate 
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among the best readers in Kindergarten 2. The assignments by the program were 
compared to the assignments by the teacher with Wilcoxon’s signed rank test and 
by calculating Spearman’s correlation coefficient. The correlation between the 
assignments of teachers and the program was significant, Spearman’s  = .39, p < 
.001, but the program assigned children to more difficult exercises than the 
teachers, Z = 6.56, p < .001. This difference in assignment did not result in a 
difference in performance or motivation between children who practised with the 
exercise assigned by the program and the teacher. Nor were there any differences 
in performance or motivation between children who started with the easiest 
exercise in Leescircus and children who started with exercises assigned by the 
teacher or the program. 
Figure 3.1 The performance of children on the introduction-test. 
The purpose of assigning exercises to children by the introduction-test or by 
their teacher was to allow children to work with exercises that matched their 
abilities. If matching had been accomplished successfully, all children would 
have made approximately the same number of mistakes during training with the 
program. One-way ANOVA’s compared the performance and motivation of 
children who were assigned to the different exercises. These comparisons were 
performed separately for children who started training with the exercises assigned 
to them by the program and for children who practices with exercises that were 
assigned by their teacher. It should be noted that the small number of children 
assigned to some of the exercises made it impossible to perform post-hoc 
analyses. The performance of children on the exercises depended on the exercise 
they were assigned to, both for the children who were assigned by Leescircus, 
F(3,37) = 8.12, p < .001 and for children assigned by their teacher, F(8,27) = 
3.06, p < .05. The performance of children who had been assigned to the most 
difficult exercise, by the program or by their teacher, was higher (.86 and .88 
respectively) than the performance of children who had been assigned to more 
easy exercises. This confirms that for part of the children who were assigned to 
the most difficult exercise, this exercise was not difficult enough. It was expected 
that differences in the performance of children during practice would result in 
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differences in motivation. However, the initial exercise affected motivation only 
for children who were assigned by their teacher, F(8,27) = 4.34, p < .01. The 
performance and the motivation of children who started working with exercises 
assigned to them by their teacher are displayed in Figure 3.2. As is apparent from 
this Figure, exercise 11 was assigned to children who could have performed more 
difficult exercises. The children who started working with this exercise performed 
very well and were not motivated to work with the program. It was expected that 
similar results would be found for children who did not work with assigned 
exercises, but with the easiest exercise in the program. However, the children 
who started working with the most easy exercise did not perform better than 
children who started working with exercises that were assigned to them 
personally, nor were they less motivated. Additionally, there was no linear or 
curvilinear correlation between the motivation and performance of children. 
Figure 3.2 The performance and motivation of children who started practice with 
the exercise assigned by their teacher (N = 36). 
Discussion 
Adapting the difficulty of exercises to match the abilities of children is generally 
considered to be beneficial to their motivation and learning gain. In educational 
software, exercises can be assigned to children by their teacher or on the basis of 
an introduction-test. The present experiment aimed to investigate the suitability of 
assigning children to various levels of difficulty on the basis of the introduction-
test in Leescircus compared to assignments by their teacher. The results showed 
that Leescircus and teachers alike assign children to exercises that match their 
abilities even though the program assigns them to somewhat more difficult 
exercises than the teachers. However, neither the program nor the teachers 
assigned challenging exercises to the most competent children in a class. In 
general, these children were assigned to exercises that were too easy for them. 
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When the children started working with the exercises assigned by the teacher, 
these easy exercises resulted in decreased motivation. The results stipulate that an 
introduction-test should be able to detect the entire range of abilities in children. 
The children in the present study, who had received no formal reading training, 
scored rather well on the introduction-test. This indicates that the introduction-test 
is too easy, especially since it should also be suitable for children who have had 
up to six months of formal reading training. An introduction-test should contain 
exercises with a diverse range of difficulties. However, children who perform 
such a test will be required to perform many exercises that are too easy or too 
difficult for them. The introduction-test could be split up in more easy and more 
difficult tests. The teacher can then decide what introduction-test his children 
should perform. However, the teachers in Chapter 1 indicated that they did not 
want to spend too much time on the preparation of educational software. 
Alternatively, the ability of children could be determined by a test that adapts the 
difficulty of the items on the basis of the performance of children on previous 
items (Wainer, 1990).  
Assigning challenging exercises to children should ensure that they are more 
motivated to learn (Armstrong & Loane, 1994; Bork, 1986; Bumpus, Olbeter, & 
Glover, 1998; Jones, 1998; Ohlsson, 1986; Rieber, 1991, 1996; Steinberg, 1991; 
Stienstra & Hoonhout, 2002). Therefore, the present study investigated how the 
rate of success of children was related to their motivation. Contrary to our 
expectations, performance does not seem to be directly related to motivation. 
Children who were assigned to the easiest exercise in the program were not less 
motivated than the other children. Only good readers who were assigned by their 
teacher to exercises that were too easy for them seem to be poorly motivated. 
This suggests that the reading skills of children may mediate the effect of 
challenge on motivation. The absence of more pronounced effects on motivation 
may have resulted partly from a decreased discriminative power of the fun 
questionnaire due to the high average motivation of children. Motivation is of 
course a very personal matter that is influenced by a variety of factors other than 
challenge (Steinberg, 1991). Alternatively, it may not be easy to measure 
motivation with a questionnaire and it may have been too simplistic to measure 
the challenge of exercises by the rate of success of children. Challenge depends 
also on the relevance of exercises (Driscoll, 1994; Song & Keller, 2001). 
Exercises that relate to the information that is being explained to children in class 
may be more challenging than exercises that repeat information that is a few 
weeks old. Therefore, the next experiment defined exercises of moderate 
difficulty as exercises that trained skills that were currently being taught in class. 
Difficult and easy exercises trained skills that would be or had been taught in 
class, respectively. The next experiment also focused on learning gain instead of 
motivation because the motivation of children does not seem to depend much on 
the difficulty of exercises. 
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3.3 Experiment 2 
To offer children individualised exercises, it seems best to adapt the exercises in 
educational software to the abilities of children (Armstrong & Loane, 1994; 
Bumpus, Olbeter, & Glover, 1998; Jones, 1998; Rieber, 1991, 1996). It may also 
be wise to ensure that the exercises children perform are relevant (Driscoll, 1994; 
Song, & Keller, 2001). Therefore, it may be better to match the exercises in 
educational software to the instructions in class rather than to the skills of 
children. However, there are often children who have trouble keeping up with the 
class instructions. Also, some children learn more than is being taught in class, 
for instance from their parents or from older siblings. The latter children will 
generally perform well on class instructions, and may therefore not learn a lot 
from exercises that train the same information that is being provided in class. 
They may profit more from exercises that prepare them for information that will 
be taught in class a few weeks later. In contrast, the skills of children who are not 
performing at grade level may improve more when they repeat skills that have 
already been taught in class, but that they consider difficult (Chambers, Abrami, 
McWhaw, & Therrien, 2001). The present experiment investigated the effect of 
practicing with past, present, and future class-material on the learning gain of 
poor, average, and good readers.  
Method 
Participants 
The children who participated in the present experiment were 65 first grade 
pupils, 30 boys and 35 girls. Their schools were situated in Amsterdam. At the 
onset of the study, the mean age of the children was 6 years and 8 months and 
they had received approximately 2 months of formal reading training. Initially, 88 
children participated, but 21 children were excluded because they had not 
practised with the software regularly due to several factors beyond our control. 
Additionally, 2 children were excluded because they had left their school at the 
time of the post-test.  
Materials and procedure 
At the beginning of the experiment, the reading skills of the children were tested. 
For this purpose, two different reading tests were used. In the letter test (De Baar, 
1989) the children identified as many letters as possible from 34 letters and letter 
clusters and in the word reading test (DMT: Verhoeven, 1992) the children were 
asked to read as many words as possible within a minute. Children who knew 
many letters would all receive a perfect score on the letter test at pre-test and 
children who knew only a few letters would not be able to read many, if any, 
words in the word reading test. As a result, neither the letter test nor the word 
reading test was suitable as a single measure of reading skills and reading 
improvement of children in Grade 1. It was expected that poor readers would 
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mostly improve on the letter test, whereas good readers would already know all 
letters and therefore improve more on the word reading test. The letter test was 
used to divide each class in three equal groups of poor, average, and good readers 
because the letter test scores differentiated better than the word reading test. The 
good readers knew significantly more letters than the average readers who knew 
more letters than the poor readers, p’s < .05. The good readers read more words 
than the poor and average readers, p’s < .05, see Table 3.2.  
Table 3.2 Mean performance on the letter test and the word reading test for 
poor, average, and good readers. 
 Poor readers Average readers Good readers  
Word reading 1.14 2.75 20.60 
Letter test (max. 34) 9.86 18.00 28.75 
N 21 24 20 
 
The teachers were asked to indicate what letters and words they would be 
teaching in class during the experiment. On the basis of this information, one 
group of children in each class practised with exercises that contained letters and 
words that would be taught in class two weeks later. A second group practised 
with words and letters that were being taught in class and the last group practised 
with letters and words that had been taught two weeks ago. At the beginning of 
every week, the experimenter assigned new exercises to the children in the three 
practice groups. Each practice group consisted of approximately the same number 
of poor, average, and good readers and the three practice groups did not differ in 
reading skills at the pre-test, F’s < 1.  
The children worked with exercises in Leescircus that were custom-made for 
the reading method they used in the classroom. For this purpose, the schools that 
were selected to participate in the experiment all used the same reading method: 
Leeslijn/Leesweg (De Baar, 1989). The first time the children practised with the 
program, the experimenter was present to answer their questions. After this 
introduction, the children were able to work with the program independently 2 
times a week for 7 weeks. Each practice session stopped automatically after 10 
minutes. Due to illness of children or teachers, technical, and organisational 
difficulties, most children (N = 40) skipped one or more weeks of practice. The 
average number of weeks the children practised with the program was 5.6 weeks. 
This was not different for the three practice groups or for the three reading levels, 
F’s < 1. During training, the program recorded the performance of children. They 
received one point for items that they completed without mistakes, half a point for 
items with one mistake, and no points when they made more mistakes. Their 
performance was defined as the average number of points they received per item 
(between 0 and 1).  
The letter test and the word reading test were administered again after the 
training period to assess the learning gain of the three levels of difficulty for 
children with different reading levels. 
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Results 
Pre-test 
Figure 3.3 A scatter plot of the number of letters children identified and the 
number of words they read correctly on the pre-test. 
The children knew on average 18.7 letters at pre-test and they read on average 7.7 
words in the word reading test. A number of children (N = 13) knew more than 
26 letters and 46 children were not able to read more than five words in the 
reading test. The average score on the word reading test can be ascribed mostly to 
6 children who read more than 30 words. These were all children who knew more 
than 30 letters. Figure 3.3 shows that only children who knew more than 20 
letters were able to read the words in the word reading test and that the poor and 
average readers both were not able to read many words.  
Training effects 
The children received an average score of .85 (sd: .10) during practice with the 
program. A univariate analysis of variance showed that there were no significant 
differences between practice groups in their performance during training, but 
there was an effect on performance for reading level, F(2,56) = 4.30, p < .05. 
Good readers performed better during training than poor readers, p < .05. There 
was a linear correlation between the performance of children during training and 
their score on the pre-test, both for the letter test, r = .42, p < .001, and for the 
word reading test, r = .28, p < .05. Correlations between the pre-test scores and 
learning gain confirm our hypothesis that children learned more letters when they 
knew few letters at pre-test, r = -.69, p < .001, or read few words at pre-test, r = -
.52, p < .001. Children who knew more letters at pre-test learned to read more 
words, r = .49, p < .001. However, there was no correlation between performance 
on the word reading test at pre-test and the number of words children learned or 
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between performance during training and the number of words and letters 
children learned.  
The effect of reading level and practice group on the learning gain of the 
training was analysed by a repeated measures analysis of variance. Time was 
included as a within subjects variable and practice group and reading level as 
between subjects variables. Figure 3.4 shows how many words and letters poor, 
average, and good readers learned when they worked with exercises that were 
ahead of, the same as, or behind of class training. As expected, at the time of the 
post-test the children knew more letters, F(1,56) = 220.54, p < .001, p2 = .78, and 
read more words, F(1,56) = 144.81, p < .001, p2 = .72, than at the time of the pre-
test. Interactions between time and reading level for word reading, F(2,56) = 6.24, 
p < .01, p
2
 = .18, and letter knowledge, F(2,56) = 27.07, p < .001, p2 = .49, show 
that good readers learned to read fewer letters than the other children because of a 
ceiling effect and that average and poor readers learned to read fewer words than 
good readers because of a floor effect. There was no effect of practice group on 
learning gain. However, planned post-hoc analyses showed an interaction for the 
average readers between time and practice group for the letter test, F(2,21) = 
3.88, p < .05, p
2
 = .27, and an effect of practice group on performance, F(2,21) = 
5.36, p < .05, p
2
 = .34. Average readers performed better on exercises that 
practice words and letters that were at that time taught in class than on exercises 
that practiced words and letters that had been taught two weeks earlier. Exercises 
that trained letters and words that had not yet been taught in class resulted in 
intermediate performance. These introductory exercises caused average readers to 
learn more letters than when they practised letters and words that were taught in 
class two weeks earlier. No further effects were found. 
Figure 3.4 The performance and the number of words and letters learned by poor, 
average, and good readers who trained information that would be, was 
being, or had been discussed in class. * p < .05 
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Discussion 
The present experiment aimed to investigate whether children of different reading 
levels would learn more from practising skills that had earlier been taught in 
class, that were being taught in class, or that would be taught in class. The results 
show that the learning gain of the training depends largely on the reading skills of 
children. Good readers knew many letters at the start of the training and therefore 
improved mainly on the word reading test. Poor readers, however, did not know 
enough letters to perform well on the word reading test and therefore mainly 
improved on the letter-test. It was expected that the content of the exercises that 
children received during training would affect their performance and learning 
gain, but this was not corroborated by the results. The performance of children 
was not better when they practiced letters and words that had already been taught 
in class than when they practiced letters and words that were new to them, 
possibly because the average performance of children was high. Additionally, the 
large standard deviation shows that the performance of children varies greatly 
between subjects, which may have obscured condition-effects. Only average 
readers appear to perform better when practicing current rather than old words 
and letters. These children learn more letters from performing exercises with new 
letters, exercises that lead to an intermediate performance, than from performing 
exercises with old letters and words. However, the expectations that good readers 
would benefit from practising letters and words that would be treated in class 
later and that poor readers would benefit from practising letters and words that 
were treated in class before, were not confirmed. It may be that for some of the 
good readers in the present experiment, the exercises that we assigned to them 
were still too easy and for some poor readers too difficult. If this is true, it would 
plea for even more individualised training, like the training provided in the first 
experiment. Alternatively, the average of ten sessions of ten minutes that the 
children practised with the program, may not have been sufficient to reveal the 
differences between practice groups. Moreover, the learning gain of the exercises 
that were offered in educational software may have been marginal in comparison 
to the learning gain from exercises they perform in class. In future research 
concerning the effect of practice levels on the learning of children with different 
reading levels, the practice levels may have to be further apart and the training 
period may have to be longer. Also, a control group should be included that does 
not use educational software. 
3.4 General discussion 
The present chapter aimed to investigate challenge in educational software. The 
first experiment investigated the practice of assigning challenging exercises to 
children in relation to performance and motivation. The results showed that 
children can be assigned to exercises by the program as accurately as by their 
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teacher. However, both the teachers and the introduction-test failed to provide 
very good readers with exercises that were sufficiently difficult. As a result, these 
good readers performed better on the exercises and were less motivated than the 
other children. Because the difficulty of exercises only affected motivation and 
performance for good readers, an influence of reading skill on the relation 
between challenge and motivation was suggested. 
The second experiment investigated the relationship between the challenge of 
exercises and learning gain instead of motivation. Challenge in this experiment 
was, as in the previous experiment, defined as the performance of children during 
practice. However, the second experiment did not induce challenge by assigning 
individual exercises to the children, but by providing them with exercises that 
related to the information that was taught in class. Good readers performed better 
than average readers who performed better than poor readers. The expectations 
about the effect of reading skills on learning gain were confirmed. Poor readers 
learned more letters and good readers learned to read more words. Average 
readers learned more from practising skills that would be discussed in class two 
weeks later than two weeks before. This suggests that educational software is 
more suitable to prepare children for what they are going to learn in class than to 
repeat what they learned before. However, there was no effect of type of practice 
on learning gain for the poor and good readers.  
In conclusion, the effect of challenge on motivation and reading gain in this 
chapter was not as strong as expected. In part, this may be due to weaknesses in 
the design of the studies. Motivation is an elusive concept that may be measured 
better by a free choice measure than by questionnaires (Malone & Lepper, 1987; 
Reeve & Nix, 1997; Surber & Leeder, 1988; Vansteenkiste & Deci, 2003). 
Children can be allowed to choose whether they want to continue working with 
the program, but they may also be allowed to choose the difficulty of their 
exercises. In further studies, this method can be used to relate the difficulty 
children prefer to their reading level, but also to information that is being taught 
in class. 

 4 
The mouse skills of young children2 
4.1 Introduction 
When children are working with educational software, their motor abilities are 
often challenged as much as their cognitive skills. Children need to understand 
how a particular exercise has to be performed, they have to decide on the answer 
they want to give and they have to plan the physical actions necessary for 
providing an answer. As soon as children have planned their actions, they have to 
perform these actions (Andre, Hartson, Belz, & McCreary, 2001). In educational 
software, physical actions are usually executed with the help of some type of 
input device. Many different input devices may be used, but most developers and 
users choose keyboards, joysticks, and the mouse (Whitefield, 1986; Wilton & 
McLean, 1984). An obvious advantage of the mouse, joystick, and keyboard is 
that they do not hinder the user’s view of the screen, unlike light-pens, for 
instance. To keep the input-device out of sight, however, the movements of the 
cursor need to be projected on the movements of the user, drawing heavily on 
eye-hand co-ordination. Nonetheless, children as well as adults appear to work 
faster and produce fewer errors when working with a mouse instead of other 
input-devices (Joiner, Messer, Light, & Littleton, 1998; MacKenzie, Sellen, & 
Buxton, 1991). Additionally, the computer mouse is the preferred input-device of 
children (Smith & Keep, 1986). Therefore, the main purpose of the present 
chapter was to investigate the mouse skills of children. Particularly, the 
experiments in this chapter aimed to investigate how accurately children could 
click on objects and whether drag-and-drop was a suitable procedure for them to 
move objects over the computer screen. 
It may be more difficult for children to use a computer mouse than it is for 
adults because the motor skills of children are not yet fully developed. When 
asked to take hold of an object and lift it, children of 4 and 5 years old do not 
reach as directly as adults and children younger than 8 are not able to grab and lift 
                                            
2 The results of the first experiment will be published in Donker & Reitsma (in press). The results from 
the second and third experiment have been submitted as “Aiming and clicking in young children’s use 
of the computer mouse” and “Drop errors in young children’s use of the mouse”.  
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as well as adults. The speed of fast hand movements increases until children are 
twelve years old (Kuhtz-Buscheck, Boczek-Funcke, Illert, Joehnk, & Stolze, 
1999). A variety of difficulties can result from the limited motor skills of 
children, for instance in executing subtle and delicate movements that require 
eye-hand coordination. Children may for instance not yet be able to tie their 
shoelaces or write letters, and similarly, they may not be able to adequately use 
computer input devices. Indeed, the results from the third experiment in Chapter 2 
showed that children who worked with Leescircus found it difficult to aim and 
click at small objects on a computer screen. 
Leescircus is used by children as an addition to classroom instructions in 
reading and writing. These classroom instructions include writing-practice, during 
which children intensively practice their fine motor-skills. It is expected that this 
not only improves their performance on writing tasks, but also on other motor-
tasks, such as handling a computer mouse (Lindemann & Wright, 1998). Of 
course, the mouse skills of children also improve because older children use the 
computer more regularly than younger children (Crook, 1992; Joiner et al., 1998; 
Wilton & McLean, 1984). The present chapter describes three experiments that 
aimed to investigate whether the differences in motor development between 
children who could and could not write were reflected in their use of a mouse, 
and whether particular deficiencies in the mouse skills of young children require 
special attention in the design of educational interfaces.  
An often applied method to compare mouse-movements is Fitts’ Law, that 
calculates information processing rate (workload) on the basis of target variables 
and movement speed (Hourcade, 2002). However, Fitts’ law only applies to error-
free behaviour and, unlike adults, children are often not capable of moving the 
mouse without making mistakes. Therefore, the present study evaluated clicking 
and moving by examining not only reaction time and movement speed, but also 
accuracy or the number of mistakes children made and how comfortable children 
felt while using the mouse (a.o. Inkpen, Booth, & Klawe, 1996b; Whisenand & 
Emurian, 1999).  
Aiming and clicking 
The mouse as an input device is used to point at an object, to click it, or to move 
it over the computer screen. Pointing is an action consisting of three stages: 
rushing towards the target, reducing speed, and aiming precisely (Dennerlein & 
Yang, 2001). Clicking adds a fourth stage: pressing and/or releasing the mouse 
button while keeping the mouse stationary. Users generally try to do this quickly, 
but without making too many errors. A balance between speed and accuracy is 
attained by a strategic, recurrent process: subjects increase their aiming speed 
until too many mistakes occur, at which time they decrease their speed to a safe 
level and then start increasing their speed again. This continues until the user has 
reached the maximum speed at which he considers his rate of error acceptable to 
himself and the experimenter (Elliott, Hansen, Mendoza, & Tremblay, 2004). A 
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number of aspects of the task may affect the speed that accompanies the rate of 
error acceptable to users. A square target, for instance, is reported to be faster to 
aim at than a round target, probably due to the fact that the surface of a square 
target is larger than the surface of a round target when their widths are equal 
(Crook, 1992; Inkpen, Booth, & Klawe, 1996b; Phillips & Triggs, 2001; Tränkle 
& Deutschmann, 1991; Whisenand & Emurian, 1999). Obviously, the size of 
targets affects accuracy and aiming speed.  
Apart from target size and shape, the context in which a target is presented 
may also affect aiming speed and accuracy. In educational software, objects are 
rarely alone on the screen. Normally, educational software offers several possible 
answers to a question, requiring children to click on an object that is accompanied 
by other objects. When a single object is on the screen, mistakes by users 
obviously do not have many consequences; children can just try to select the 
object again. However, when an object is surrounded by other objects, they may 
accidentally click on an unwanted object and consequently give a wrong answer. 
To prevent these mistakes, children have to decrease their rate of error. Adults 
can decrease their rate of error by increasing their aiming precision, sometimes at 
the expense of speed. Children on the other hand may not be able to aim very 
precisely or to hold the mouse steady during clicking and may as a result miss the 
target and fail the question (Crook, 1992; Walker, Meyer, & Smelcer, 1993).  
Two of the three experiments that were discussed in the present chapter 
investigated how accurately and fast children could aim and click with the mouse. 
In experiment 1 children were asked to click on very small targets to examine 
their optimal accuracy. The influence of distracting objects on accuracy and 
aiming speed was also investigated. Experiment 2 examined the influence of 
target shape, target size, and the presence of distracting objects on the accuracy 
and speed of children’s mouse clicks with targets of a more realistic size.  
Moving objects 
In educational software children not only click on targets, but often they also have 
to reposition them, for instance moving a target to a matching release spot. To 
move an object, the four stages of aiming have to be completed twice: once to 
select the moveable object and a second time to select the release-spot. Roughly 
two procedures can be used to move objects on a computer screen: drag-and-drop 
or click-move-click. Drag-and-drop, also referred to as dragging, drag-drop, or 
point-drag, consists of holding the mouse over an object, pressing the mouse 
button to select it, repositioning the mouse while keeping the mouse button 
pressed, and releasing the mouse button after the cursor is positioned at the 
release-spot (Crook, 1992; Gillan, Holden, Adam, Rudisill, & Magee, 1990; 
Inkpen, Booth, & Klawe, 1996a; 1996b; Joiner et al., 1998; Whisenand & 
Emurian, 1999). In the alternative procedure the mouse is clicked to select the 
object, the mouse is repositioned, and the mouse is clicked again to release the 
object. In the present chapter this procedure is referred to as click-move-click, in 
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the literature as point-select, point-click, point-and-click, or pointing (Inkpen, 
Booth, & Klawe, 1996a; 1996b; Joiner et al., 1998; Whisenand & Emurian, 
1999). There is still a debate whether adults are faster and more accurate using 
drag-and-drop or click-move-click (Joiner et al., 1998; MacKenzie, Sellen, & 
Buxton, 1991; Whisenand & Emurian, 1999). Drag-and-drop could lead to more 
errors, because it requires users to maintain pressure on the mouse button, which 
is motorically demanding (MacKenzie, Sellen, & Buxton, 1991; Strommen, 
1993). On the other hand, this demand can prevent errors as it reminds users 
continuously of the action they are performing (Joiner et al., 1998). The main 
disadvantage of click-move-click is that it is not the default interaction procedure 
in current software. Because drag-and-drop is used more often, this may have 
become a routine for users, especially those who use computers regularly. When 
people have to deviate from their routines, they are likely to get sidetracked and 
errors will occur (Heckhausen & Beckmann, 1990; Sternberg, 1996).  
For children, it has been suggested that click-move-click is more suitable than 
drag-and-drop (Segers & Verhoeven, 2002). Especially young children moved 
objects faster using click-move-click than drag-and-drop if they had to move 
objects over distances larger than 200 pixels on a 640 by 480 screen (Joiner et al., 
1998). However, in the study of Joiner et al. the object in the drag-and-drop 
condition (an animal) may have afforded slower movement than the (inanimate) 
cursor in the click-move-click condition (Phillips, Triggs, & Meehan, 2001). In 
another study children between 9 and 13 years of age were also faster using click-
move-click than drag-and-drop (Inkpen, Booth, & Klawe, 1996b). The difference 
was very small (65 ms), but increased considerably when error-trials were 
included, which was probably due to differences in error handling between the 
two interaction procedures. When the children made an error in drag-and-drop, 
they had to perform the entire trial again, but when they made an error in click-
move-click, they only had to perform the incorrect click again. This could also 
have affected the correct trials, as children may have adopted a more accurate, 
slower, strategy during drag-and-drop than during click-move-click to avoid time-
consuming mistakes. Apparently, the dispute between drag-and-drop and click-
move-click can not be resolved on the basis of past research. 
Certain task factors other than movement procedure may affect how fast and 
accurately children can move objects. It is conceivable that the distance of a move 
affects reaction time and movement speed and there are indications that adults are 
more comfortable moving objects from left to right - the direction in which we 
read and write - rather than from right to left, but whether there is a difference 
between horizontal and vertical movements is as yet unknown (Crook, 1992; 
Tränkle & Deutschmann, 1991; Whisenand & Emurian, 1999). Additionally, the 
size of a receptor may affect how fast and accurately children are able to drop the 
target on it. 
Two of the experiments discussed in the present chapter examined the 
movement procedures used in educational software. In experiment 1, the 
influence of distance and direction on movements completed using drag-and-drop 
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and click-move-click were investigated. In experiment 3, more directions were 
investigated and the drop errors that children and adults made during drag-and-
drop were analysed. 
4.2 Experiment 1 
The main purpose of the present study was to examine how accurately children 
were able to use the mouse (Hourcade, 2002). First, the mouse proficiency of 
children from Kindergarten 2 and Grade 1 was assessed by asking them to click 
repeatedly on a very small object at various positions on the screen. The influence 
of distracting objects on accuracy and speed was investigated by presenting 
distracting objects at various positions and distances next to the small target. The 
computer recorded the reaction time and accuracy of the children. Second, 
children were asked to move objects (characters) with click-move-click and drag-
and-drop over long and short distances, horizontally and vertically. It was 
expected that children who had received several months of instruction in reading 
and writing would move objects faster in a left to right direction, opposed to a 
downward direction. The speed and the number of selection, drop, and interaction 
errors were recorded.  
Selection errors could occur when children failed to accurately select the target 
that had to be moved. Drop-errors occurred when children accidentally dropped 
the target during movement because they found it difficult to maintain pressure 
on the mouse button, but also because they clicked to release the object before 
they reached the release-spot (Inkpen, 1997; Inkpen, Booth, & Klawe, 1996b; 
MacKenzie, Sellen, & Buxton, 1991; Strommen, 1993). When it was too difficult 
for children to keep the mouse button pressed during dragging, more drop errors 
would be made during drag-and-drop than during click-move-click. Also, the 
number of drop errors would then depend on the distances over which targets had 
to be moved (Inkpen, 1997; MacKenzie, Sellen, & Buxton, 1991; Strommen, 
1993). However, when drop errors were due to difficulties in selecting the 
release-spot, distance of movement would have no effect. The third type of error, 
interaction errors, occurred when children did not know whether to move the 
target with the mouse button pressed or not. When children had become more 
familiar with one of the movement procedures through their daily use of 
computers, they would probably make fewer interaction errors when using this 
procedure. The children in the present experiment also indicated which of the two 
procedures they favoured. The children would probably prefer drag-and-drop if 
this was the procedure they used by default. If they found it difficult to keep the 
mouse button pressed during drag-and-drop, they might favour click-move-click.  
In the study by Inkpen, Booth, & Klawe (1996b) girls made fewer errors 
during click-move-click than during drag-and-drop, whereas for boys these 
differences were much smaller. Boys possibly had more experience in using a 
mouse and therefore in using drag-and-drop techniques. Today, girls are likely to 
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have as much experience as boys and therefore, the differences between drag-
and-drop and click-move-click may have disappeared. However, because children 
in Kindergarten 2 may have less computer experience than children in Grade 1, 
they may use click-move-click more comfortably than drag-and-drop.  
Method 
Participants 
Dutch children from Kindergarten 2 (mean age 6 years and 0 months) and Grade 
1 (mean age 7 years and 0 months) of three schools in the wide area of 
Amsterdam participated in this study. The children in Grade 1 had received at 
least six months of formal training in reading and writing. In total 104 children 
participated, 29 boys and 24 girls from Kindergarten 2, and 26 boys and 25 girls 
from Grade 1. Most of the children (N = 89) were right-handed. All but one of the 
left-handed children used the mouse with their right hand, without noticeable 
unwillingness or discomfort. This is also common for left-handed adult mouse 
users and does not influence their abilities negatively (Peters & Ivanoff, 1999; 
Woods, Hastings, Buckle, & Haslam, 2003). One left-handed child used the 
mouse with her left hand, with the mouse still on the right side of the keyboard. 
She indicated that this was her usual way of using the mouse. Because her 
performance was well within the range of obtained data, we did not exclude her 
from the analyses.  
Tasks 
Aiming and clicking. In the aim and click task three dots with a diameter of 6 
pixels were presented on a yellow background in a horizontal or vertical array. 
Two of these dots were white, the other was red. The red dot could be presented 
at any of the three positions. The distance between the dots was 10 or 20 pixels. 
The children were asked to click on the red dot with the cursor, presented as a 
slanted arrow of 11 pixels wide and 19 pixels tall, similar to those used in typical 
graphical interfaces. When the children clicked, the dots disappeared and after a 
short interval (1 second) the next array of dots was presented at a randomly 
determined position at least 130 pixels horizontally and vertically from the 
previous position. The software did not reposition the cursor.  
Moving objects. In the movement task the children performed an exercise 
taken from Leescircus (Reitsma, 1999). The children were instructed to compare 
a word (for instance maak, make) with another word that was presented with a 
picture (for instance maan, moon), see Figure 4.1. Because the words could be 
compared in a simple manner, the exercise was not considered to be too difficult 
for children in Kindergarten 2. The one letter in which the first word differed 
from the second, always the last letter of the word, had to be moved either 
horizontally or vertically to a waste bin, located at 149 pixels or 299 pixels from 
the centre of the letter. It was not possible to move any letter other than the 
altered letter. If the altered letter was moved to a place other than the waste bin, 
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the computer returned it to its original position, a drop error was recorded, and 
the child had to start again. The trial continued until the child had moved the 
letter to the waste bin, at which time the next trial was presented. A new picture 
and new words were displayed and the waste bin was repositioned. The cursor in 
the program was the same arrow as in the aim and click task, but it changed to a 
pointing hand of 21 pixels tall and 19 pixels wide as soon as it was positioned on 
the letter that had to be moved. During movement, the cursor changed to a closed 
hand of 17 pixels tall and 19 pixels wide, attached to the letter. The software did 
not reposition the cursor at any moment. These cursor procedures are identical to 
those generally used in educational software for children. The children were 
asked to perform this task using both the drag-and-drop and the click-move-click 
procedure.  
Figure 4.1 A screenshot of the movement task. Children have to move the “k” to 
the waste bin. 
Procedure 
The children used an infrared mouse with a control-display ratio of 1:4 (Jacob, 
1996). The tasks were presented on a laptop computer with a 15-inch screen and a 
resolution of 640 by 480 pixels, resulting in pixels of 0.54 millimetres wide and 
tall. Distances will be described in pixels, the original unit of measurement, but 
for generalisations it may be useful to convert these to millimetres. The children 
performed the tasks in a quiet room in their school. The order in which the three 
tasks (aim and click, drag-and-drop, and click-move-click) were presented was 
counterbalanced to avoid training-effects and effects of strain and fatigue. The 
children always performed the two movement tasks successively, but half of the 
children first used drag-and-drop and the other half click-move-click. The aim 
and click task was presented either as the first task or as the last task. One or two 
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trial items and a short explanation preceded each task. The experimenter did not 
refer explicitly to either accuracy or speed requirements. 
Aiming and clicking. In the aim and click task children were asked to click on 
a small red dot that was presented together with two white dots. The position of 
the red dot, the orientation of the accompanying white dots, and the proximity of 
the dots varied to produce 12 different conditions. These conditions were 
counterbalanced per factor and presented again in the reverse order to avoid 
training effects. For each trial, the difference between the x-coordinate of the 
child’s click and the centre of the red dot determined horizontal accuracy and the 
difference between y-coordinates determined vertical accuracy. Reaction time 
was defined as the duration of time (in seconds) from the presentation of the red 
dot to the moment of the click. The data were subjected to a 3 (position) x 2 
(orientation) x 2 (proximity) multivariate repeated-measures analysis of variance 
(MANOVA) with gender and grade as between-subject variables. Only the effects 
that included the proximity of the dots were reported. A one-way MANOVA was 
used to examine the differences between right-handed and left-handed children. 
Correlations between reaction time and horizontal and vertical accuracy were 
calculated to identify a possible trade-off between speed and precision. The 
distance that the cursor moved during the mouse click (between mouse-down and 
mouse-up) was recorded to provide an indication of the ability of children to click 
the mouse button while holding the mouse stationary. 
Moving objects. In the movement tasks the children were asked to move 
letters to a waste bin. The direction of movement and the distance between the 
centre of the letter and the centre of the waste bin were combined to produce 4 
conditions. These conditions were counterbalanced for the direction of movement 
and presented again in a different order to counterbalance for distance. The 
children completed the resulting 8 trials first with one interaction procedure and 
after a short explanation with the other procedure. For each trial, the duration of 
time between the first time the children pressed the mouse button and the last 
time they released the mouse button defined the total time, the reaction time 
including the time spent on errors. Movement speed, the reaction time corrected 
for distance, was calculated per item by dividing the movement time (total time 
without time spent on errors) by the distance between the letter and the waste bin. 
Selection errors occurred when children did not accurately select the correct 
letter. When the mouse moved fewer than 25 pixels between mouse-down and 
mouse-up, this was identified as a mouse slip. When it moved more than 25 
pixels it was classified as a drag-attempt. Drag-attempts were recorded as drop 
errors during drag-and-drop, but as interaction errors during click-move-click. 
Mouse slips were recorded as interaction errors during drag-and-drop and were 
regarded as part of a correct movement sequence during click-move-click. Drop 
errors during click-move-click were recorded when the children clicked to 
release the object outside the waste bin. After the completion of both movement 
tasks, the children indicated their procedure preference. The data were subjected 
to a 2 (procedures) x 2 (distance) x 2 (direction) multivariate repeated-measures 
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analysis of variance (MANOVA) with grade and gender as between-subject 
variables. A one-way MANOVA was used to determine the differences between 
right-handed and left-handed children. Correlations between movement time and 
the number of errors were calculated to identify a possible trade-off between 
speed and accuracy.  
Results 
Aiming and clicking 
The results indicate that an object needs to be only 12 pixels wide (6.5 mm) and 
22 pixels tall (11.9 mm) in order to include 95% of the mouse-clicks of children 
in either Kindergarten 2 or Grade 1. The mouse slips of children are negligible. 
Children moved the mouse on average 0.82 pixels vertically and 0.98 pixels 
horizontally during the click. Children clicked on average 2.1 pixels right or left 
from the centre of the red dot and 3.5 pixels above or below it. The difference 
between horizontal and vertical accuracy, t(103) = 9.45, p < .001, indicates that 
aiming was more difficult in a vertical than in a horizontal direction. The 
precision of children is remarkable, but it took quite some effort to attain this 
level of precision. They needed on average 2.95 seconds to click on the red dot. 
The mean speed and accuracy are presented in Table 4.1 as a function of the 
independent variables. Reaction time did not increase at the expense of speed or 
vice versa. 
Table 4.1. Mean reaction time and accuracy as a function of grade and distance 
between target and distracting object in the aim and click task. 
  Reaction time 
(seconds) 
Horizontal accuracy 
(pixels) 
Vertical accuracy 
(pixels) 
Overall 2.95 2.12 3.54 
Kindergarten 2 3.33 2.21 3.60 
Grade 1 2.58 2.01 3.28 
Far distracting objects 2.84 2.21 3.62 
Close distracting objects 3.07 2.01 3.26 
 
Children in Grade 1 did not click more accurately than children in 
Kindergarten 2, suggesting that they considered the same rate of error acceptable. 
However, children in Grade 1 clicked faster, F(1,97) = 22.40, p < .001, which 
indicates that young children needed more time to realise this error rate. 
Differences between boys and girls were not significant, but there was a three-
way interaction between grade, gender and distance for reaction time, F(1,97) = 
7.04, p < .01. In Kindergarten 2, boys clicked faster on the more easy items with 
the dots far apart than on items with the dots close together, the more difficult 
items; girls clicked equally slow on both. In Grade 1, boys clicked as fast on 
difficult items as on easy items; girls clicked faster on easy items than on difficult 
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items, see Figure 4.2. This suggests that the ability to click on difficult items 
develops for boys sooner than for girls. There were no effects of hand preference.  
Figure 4.2 Reaction time as a function of group, gender, and distance. 
As expected, placing dots close together resulted in longer reaction times, 
F(1,97) = 24.38, p < .001, higher horizontal accuracy, F(1,97) = 5.95, p < .05, and 
higher vertical accuracy, F(1,97) = 11.82, p < .01. An interaction between the 
position of the red dot and the distance between the dots, F(2,194) = 5.38, p < 
.01, indicated that the vertical accuracy for red dots at the left or top position was 
not affected by the distance between the dots, see Figure 4.3. This suggests that 
the children searched the array of dots from left to right and from top to bottom, 
confirmed by the fact that both vertical accuracy, F(2,194) = 13.91, p < .001, and 
horizontal accuracy, F(2,194) = 7.65, p < .01, were higher when children clicked 
on dots at the middle, right, or bottom position than at the left or top position. The 
interaction between proximity and the position of the red dot for reaction time, 
F(2,194) = 3.20, p < .05, showed that, although the reaction time of children was 
longer for items with the distracting objects close to the target than for items with 
the distracting objects farther from the target, the children clicked equally fast on 
dots at the bottom or right position when the dots were close together as when 
they were far apart, see Figure 4.3.  
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Figure 4.3 Reaction time and vertical accuracy as a function of the proximity of 
objects and the position of the red dot. 
Moving objects 
The children needed on average 3.2 seconds to move the altered letter to the 
waste bin, including time lost on errors. Their movement speed was 109 pixels 
per second. On average, the children made a selection error in 16% of the items, 
an interaction error in 19%, and a drop error in 5% of the items. However, 
because children could make more than one error per item, this does not mean 
that they made errors in 40% of the items. There was no trade-off between 
movement speed and the number of errors. The mean reaction time, movement 
speed and number of errors are presented in Table 4.2 as a function of the 
independent variables. 
Table 4.2. Mean reaction time, speed, and proportion of errors as a function of grade, 
movement procedure , distance, and direction. 
 Reaction time 
(seconds) 
Speed 
(pixels/sec) 
Proportion of errors in 
   Selection Dropping Interaction 
Overall 3.07 110.14 .14 .04 .17 
Kindergarten2 3.75 98.05 .20 .07 .25 
Grade 1 2.63 120.59 .11 .03 .13 
Drag-and-Drop 2.67 120.62 .15 .03 .12 
Click-Move-Click 3.71 98.02 .17 .07 .27 
Short distance 3.05 82.51 .17 .05 .19 
Long distance 3.32 136.13 .15 .05 .20 
Horizontal move 3.09 112.57 .16 .05 .18 
Vertical move 3.29 106.06 .16 .05 .20 
 
Children in Grade 1 made fewer selection errors, F(1,100) = 6.12, p < .05, 
interaction errors, F(1,100) = 6.29, p < .05, and drop errors, F(1,100) = 4.18, p < 
.05, than children in Kindergarten 2. Children in Grade 1 also moved the mouse 
faster than children in Kindergarten 2, F(1,100) = 20.92, p < .001, and needed 
less time to complete trials, F(1,100) = 15.05, p < .001. There were no significant 
differences between boys and girls or between left-handed and right-handed 
children.  
As predicted, moving targets over long distances resulted in faster movement 
speeds than moving them over short distances, F(1,100) = 1294.49, p < .001. This 
effect was a little more pronounced for children in Grade 1 than for children in 
Kindergarten 2, F(1,100) = 10.89, p < .01. Long distances also took more time to 
complete than short distances, F(1,100) = 4.60, p < .05. An interaction between 
distance and direction showed that the difference in reaction time between long 
and short distances was only significant for items where the target had to be 
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moved horizontally, F(1,100) = 14.36, p < .001. Moving objects horizontally 
generally resulted in faster movement speeds than moving them vertically, 
F(1,100) = 20.56, p < .001, but this effect appeared only for short distances, as 
indicated by the interaction between distance and direction on speed, F(1,100) = 
12.61, p < .01, see Figure 4.4. These effects suggest that horizontal movements 
are started more quickly than vertical movements and that vertical movements 
can be continued faster once the movement has been initiated. The interaction of 
distance and direction for the number of drop errors children made, F(1,100) = 
4.17, p < .05, confirms this hypothesis. Children made more drop errors in a short 
vertical move than in a short horizontal move. For long moves, this effect was 
reversed, see Figure 4.4. 
Figure 4.4 Movement speed and the proportion of drop errors as a function of 
distance and direction. 
Children did not make more drop errors when using drag-and-drop than click-
move-click. Additionally, children needed less time to complete an item when 
using drag-and-drop than when they used click-move-click, F(1,100) = 26.83, p < 
.001. Drag-and-drop also resulted in higher movement speeds than click-move-
click, F(1,100) = 57.72, p < .001, indicating that the difference was not due to the 
time the children spent on errors. That the effect of movement procedure on speed 
was more pronounced for long moves than for short moves, F(1,100) = 4.43, p < 
.05, suggests that the difference not only originates in the beginning and end of 
the move, but also in the speed during the movement. 
More interaction errors occurred when children used click-move-click than 
when they used drag-and-drop, F(1,100) = 9.48, p < .01, an indication that drag-
and-drop has become a routine for them. The distance of 25 pixels that was set 
for mouse slips was arbitrary, of course. Had we allowed for larger mouse slips, 
fewer slips would have been identified as interaction errors during click-move-
click or as drop-errors during drag-and-drop. The results of the aim and click 
task, however, show that children hardly move the mouse during the click, 
indicating that the criterion for mouse slips in this study was rather too lenient 
than too strict.  
 
 Mouse skills 57 
 
There was no difference between the two interaction procedures in the number 
of selection errors the children made, but there was an interaction between 
movement procedure and distance, F(1,100) = 7.01, p < .01. When the object had 
to be moved over short distances, more selection errors were made using click-
move-click than drag-and-drop. For long distance items, this effect was reversed. 
Figure 4.5 shows a screenshot of the movement task where the positions of the 
selection errors are marked by black dots. Some of the children tried to click on 
the waste bin or the picture, probably out of curiosity, and one child clicked near 
the hand (bottom left) to indicate that he did not want to practice anymore, but 
most of the children who made selection errors found it difficult to select the 
letter. Some of the letters may have been too small. For instance, the “l” and the 
“i” were 32 pixels tall, but only four pixels wide. A one-way MANOVA did not 
reveal that some letters resulted in more selection errors than others, but the 
letters did affect reaction time, F(4,1691) = 3.38, p < .01, and movement speed, 
F(4,1691) = 2.86, p < .05 . The “s” resulted in higher reaction times than the “f” 
and in higher movement speeds than the “k”, p’s < .05. This may have affected 
the number of selection errors, because the items that resulted in many selection 
errors, contained relatively few “s” targets and many “k” and “f” targets. 
Figure 4.5 A screenshot of the movement task. The selection errors made by the 
children are presented as black dots. 
Among the children who were able to tell us which one of the two procedures 
they used most often (N = 42), the majority (N = 29) mentioned drag-and-drop, 
2(1) = 6.10, p < .05. A non-significant majority of the children who were able to 
indicate which procedure they preferred (N = 103), preferred click-move-click (N 
= 60), 2(1) = 2.81, n.s.. Children did not explicitly like or dislike the procedure 
that they used most often. 
Discussion 
Surprisingly, children in Kindergarten 2 clicked as accurately on small objects as 
children in Grade 1 did: a large majority of the children appeared able to 
accurately select an object of 7 mm wide and 12 mm tall. As a comparison, when 
 
58 Chapter 4 
Microsoft Word is presented on a 17-inch screen with a resolution of 1024 by 768 
pixels, the save-button is 6 mm wide and tall. Even though the children in K2 and 
G1 were equally accurate, the children in Kindergarten 2 needed more time to 
aim and click than the older children in Grade 1. This suggests that children in K2 
and G1 considered the same rate of error acceptable, but that the children in K2 
had to try hard to reach this rate of error (Elliott, Hansen, Mendoza, & Tremblay, 
2004). In the movement task, children in Kindergarten 2 not only needed more 
time to complete the moves, but they also made more errors than children in 
Grade 1. This suggests that children in K2 considered a higher rate of error 
acceptable than children in G1 or that the children in K2 were unable to achieve 
the rate of error that was generally considered acceptable.  
A trade-off between speed and accuracy was present in neither of the tasks. 
The trade-off may have been obscured by large differences in motor skills 
between children. Alternatively, the design of the task may have caused all 
children to value accuracy more than speed: the small size of the dots and the 
presence of distracting objects encouraged children to be accurate, but they were 
not stimulated to perform the tasks quickly. In contrast to the tasks in this study, 
the games that children play at home often focus on speed, and so do some 
educational programs. In software that focuses on speed, the objects may need to 
be somewhat larger, because children will want to spend less time on aiming 
precisely. The target in the click task was much smaller than objects that are 
generally presented in educational software for children and this probably 
influenced the rate of error children considered acceptable. When children have to 
click on larger objects, they probably aim less accurately and therefore faster. The 
relatively high number of selection errors the children made when they had to 
move characters demonstrated this. The letters probably suggested a larger active 
area than was actually present. However, the movement task was not designed to 
study the effect of letter-size on the number of selection errors. Therefore, the 
second experiment described in this chapter investigated how accurately children 
clicked on objects of different shapes and sizes.  
The present study has provided the valuable insight that children are able to 
click precisely on small objects, especially when the target is presented within a 
context of other objects. The effect of distracting objects indicated that children 
view the objects in the direction in which they read and write. The influence of 
distracting objects on accuracy and speed may have been enhanced by the small 
size of the objects. When children are asked to click on objects of a more realistic 
size, they will probably be able to select the target accurately even without the 
presence of distracting objects. Distracting objects may be especially useful when 
children are inclined to click less accurately than necessary, because of the small 
size of targets or because the shape of target suggests a larger active area than is 
actually present. 
In the aim and click task, the vertical accuracy of children was lower than their 
horizontal accuracy, possibly because the arrow that was used as a cursor was 
slanted. However, children presumably had sufficient experience to know how to 
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use this cursor (Phillips, Triggs, & Meehan, 2001). Alternatively, vertical aiming 
may have drawn more heavily on motor skills than horizontal aiming. The results 
from the movement task shed some light on this issue. Over short distances 
children move objects faster horizontally than vertically, suggesting difficulties in 
moving the mouse vertically. However, over longer distances they moved objects 
faster vertically than horizontally, suggesting that horizontal moves are more 
easily initiated, but slower continued than vertical moves. This also explains the 
difficulties children experienced in vertical aiming, because aiming consists of 
making small movements with the mouse (Dennerlein & Yang, 2001). The 
difference between initiating and continuing a move might be physical. To move 
the mouse over a short distance, the wrist is used and horizontal moves may be 
made more comfortably by the wrist than vertical moves, as reflected by the 
problems children had with vertical aiming. Moving the mouse over a long 
distance requires the use of the whole arm and this may be easier vertically than 
horizontally.  
The differences between movement directions and distances were also 
reflected by the number of drop errors children made. Children made more drop 
errors in short vertical moves than in short horizontal moves, and in long 
horizontal moves than in long vertical moves. This implies that vertical drop 
errors are made close to the original position of the target or to the release-spot, 
whereas horizontal drop errors are made during the move. However, to 
investigate the cause of drop errors further, more data on drop errors should be 
recorded while children move objects over diverse distances and directions. This 
will also provide more information on the suitability of movement directions and 
distances for children. 
In previous research, it was suggested that click-move-click is a more 
appropriate procedure for children to move objects than drag-and-drop (Inkpen, 
Booth, & Klawe, 1996b; Joiner et al., 1998). However, in the studies by Inkpen, 
Booth, & Klawe, and by Joiner et al., the advantage of drag-and-drop may have 
been due to cursor size or error handling. In the present study, the only difference 
between the two conditions was the movement procedure. The data show that 
drag-and-drop is faster than click-move-click and that this was not only due to 
different speeds of picking objects up and releasing them, but also to the speed of 
movement itself. Also, drag-and-drop caused fewer interaction errors than click-
move-click. 
Drag-and-drop is supposed to be difficult because it would be motorically 
demanding to keep the mouse button pressed during movement (MacKenzie, 
Sellen, & Buxton, 1991; Strommen, 1993). In the present study there were no 
differences between the two movement procedures in the number of drop errors 
children made. Keeping pressure on the mouse button during movement does not 
seem to be difficult for children. However, the criterion for mouse slips in the 
present study may have been too lenient. Had we allowed for smaller mouse slips, 
more errors during drag-and-drop that were presently identified as interaction 
errors would have been identified as drop errors. The cause of drop errors in drag-
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and-drop was examined more thoroughly in experiment 3, but the present study 
does not support the hypothesis that drop errors are caused by premature releases 
of the mouse button. Children do not appear to make more drop errors when they 
drag objects over long distances than when they drag objects over short distances.  
4.3 Experiment 2 
The previous experiment has shown that young children are able to click very 
accurately on small objects, but that they need a lot of time to aim and click. 
Increasing the size of objects could result in more relaxed aiming, with fewer 
precision movements. As a result, larger objects would promote faster clicking 
(Hourcade, 2003; Tränkle and Deutschmann, 1991; Whisenand and Emurian, 
1999). The present study investigated how the width and height of objects 
affected the accuracy of subjects and how this related to aiming speed. It is 
expected that larger objects would result in less accuracy and therefore in shorter 
reaction times. However, in the design of software, targets can not be extremely 
large because this limits the number of objects that can simultaneously be shown 
on a screen. Therefore, the present study aimed to determine the smallest size of 
objects on which children do not need to make time-consuming aiming 
movements. In the previous study we found that objects need to be taller than 
they are wide to facilitate the aiming behaviour of children of 6 and 7 years old 
because vertical aiming appeared to be more difficult for them than horizontal 
aiming. However, these results could also have been due to the fact that the 
cursor that was used, a slanted arrow, may have caused an overshoot of targets 
(Phillips, Triggs, and Meehan, 2001). Additionally, children may have found it 
difficult to determine the hotspot of the arrow. 
A second aspect that has been suggested to affect aiming accuracy and speed is 
the shape of objects. Adults were reported to click more slowly on round targets 
than on square targets and even more slowly on triangular and diamond shaped 
targets, but the shapes that were compared all had the same width and 
consequently, the square objects were larger than the round objects and the 
triangular and diamond objects were very small (Sheikh and Hoffmann, 1994; 
Tränkle and Deutschmann, 1991; Whisenand and Emurian, 1999). To examine 
whether shape influenced the accuracy and speed of aiming and clicking, the 
present study investigated how well children aimed at objects that had different 
shapes but the same size. To study whether aiming behaviour is guided by the 
shape of objects, the present study also investigated stretched objects: narrow-
and-tall and wide-and-short. 
Third, the previous study showed that children aimed and clicked more 
accurately when they had to click on small objects presented close to distracting 
objects, than when the distance between the distracting objects and the target was 
larger. However, when children are required to click on objects that are relatively 
large, they do not need to make time-consuming aiming movements, not even 
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when distracting objects emphasize the need for accuracy. Because in the present 
study the objects were fairly large, it is expected that distracting objects do not 
affect accuracy or reaction time.  
Method 
Participants 
Dutch children from Kindergarten 2 (N = 57; Mean age 6 years; 0 months) and 
Grade 1 (N = 52; Mean age 7 years; 0 months) of 3 schools in the area of 
Amsterdam participated in this study as well as 25 adults (Age 20 to 28; Mean 
age 24 years; 3 months), 10 men and 15 women. The experiment was carried out 
in March and April, at which time the children in Grade 1 had received at least 7 
months of formal training in reading and writing. The adults who participated 
completed all three tasks in the study, but the children only completed one or two 
tasks each. This variation in participants did not affect the interpretation of the 
results because the results of each task were analysed separately. Only a small 
number of children and adults (N = 20) was left-handed. The differences between 
right-handed and left-handed children and adults were not investigated because 
the mouse-skills of left-handers, of right-handers, and of left-handers who use the 
mouse with their right hand are reported not to differ (Peters and Ivanoff, 1999).  
Tasks 
For the purpose of this study, three tasks were developed to examine the aiming 
and clicking skills of children. The tasks studied the influence of the size of 
objects, the shape of objects, and the influence of distracting objects, respectively. 
The participants were asked to click accurately and swiftly on the targets that 
appeared on the screen. When they clicked, the target disappeared and 
immediately, the next target was presented 230 pixels from the position of the 
click in a randomly determined direction to ensure that the task was ecologically 
valid and unpredictable. The number of pixels between the centre of the target 
and the position of the participant’s click determined horizontal accuracy and 
vertical accuracy. Reaction time was defined as the duration of time (in seconds) 
from the presentation of the target to the moment of the click. The number of 
pixels that the subjects passed while they were moving the cursor towards the 
target was recorded in the object size task and the object shape task to investigate 
how erratically children moved the mouse. When subjects moved the mouse to 
the target in a straight line and clicked on the exact centre of the target without 
backward aiming movements, the number of pixels they passed was the same as 
the distance between the initial position of the cursor and the target (230 pixels). 
Occasionally, subjects double-clicked on a target. When this happened they 
skipped a trial, because the trials followed each other immediately. Trials were 
skipped rarely: 0.3% of the trials in the object shape task, 0.7% of the trials in the 
object size task, and 0.2% of the trials in the distracting objects task. The data 
from the skipped trials were deleted and replaced by the mean performance on 
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that trial by the other subjects. The recorded data were subjected to multivariate 
repeated-measures analyses of variance (MANOVA), with group as between-
subjects variable.  
In the object size task and the object shape task the aiming trajectories of 
subjects were also investigated. When the subjects moved the mouse, the 
computer monitored the distance between the cursor and the target. At eleven pre-
defined distances from the centre of the target, the coordinates of the cursor in 
relation to the target were recorded. For each individual aiming trajectory in the 
object size task, it was determined whether it was best described by a first, a 
second, or a third order equation (at least 5% more explained variance than the 
lower order equation). The number of first, second, and third order equations 
were totalled per subject and compared per group by a multivariate analysis of 
variance. In the object shape task the data were used to determine how fast 
subjects moved the mouse during their approach of the target. 
Object size. In the object size task the children and adults were asked to click 
on rectangular objects of different sizes. The width (7, 17, 27, and 37 pixels) and 
the height (7, 17, 27, and 37 pixels) of these objects were varied to produce 16 
different targets on which the children and adults clicked 3 times. The order in 
which the targets were presented was counterbalanced for width as well as height 
to avoid training effects.  
Object shape. In the object shape task all objects had the same surface area, 
1225 pixels, but different shapes (round or square) and they were stretched out in 
different directions (none, vertical, and horizontal), see Figure 4.6. Each of these 
six targets was presented eight times and the order of the targets was 
counterbalanced for shape and direction to avoid training effects.  
Figure 4.6 The targets used in the object shape task. 
Distracting objects. To investigate the effect of distracting objects on the 
click-precision of subjects, the distracting objects task was designed. The subjects 
clicked on square targets of 27 by 27 pixels that were accompanied by none, one, 
two, or four distracting objects. To ensure that the subjects were able to 
distinguish the target from the distracting objects, the target was presented in pink 
and adorned with a picture, whereas the distracting objects were plain, moss 
green. The distance between the edge of the target and the edge of the distracting 
objects was 3 or 14 pixels. When one distracting object was presented, it was 
displayed on one of the four sides of the target. Two distracting objects were 
displayed at opposing sides of the target to suggest the need for accurate aiming 
either horizontally or vertically. The distance between the distracting objects and 
the target as well as the number and position of the distracting objects were varied 
to produce 16 trials that were each presented four times. The trials were 
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counterbalanced for distance and distracting objects to avoid training effects. For 
this task, the number of pixels participants passed to reach the target was not 
recorded. 
Procedure 
The tasks were presented full screen on a yellow background at a laptop computer 
with a 15-inch screen and a resolution of 800 by 600 pixels (pixel size: 0.38 mm). 
The participants used an infrared mouse which was chosen over a classic mouse 
to ensure that it would not become less precise when it got dirty. To ascertain that 
children and adults were able to determine the hotspot of the cursor, it was 
presented as a cross-hair of 17 pixels wide and tall. The software did not 
reposition the cursor at any time. The subjects were instructed to click fast and 
accurately.  
The adult subjects (N = 25), all university students, were tested in a quiet 
room. They completed the three tasks in various orders to control for learning 
effects. Even though the adults were instructed to take breaks between the tasks to 
prevent fatigue, not many complied with this instruction because most of them 
were able to complete all the tasks swiftly. The children were taken from the 
classroom with permission from their teacher and they completed the tasks in a 
quiet room in their school. Because the children were unable to concentrate long 
enough to complete all the tasks, they were asked to perform only one or two 
tasks. This variation in subjects between the tasks did not affect the results 
because the data were analysed per task. The object shape task and the object size 
task were performed by children from the same Kindergarten 2 and Grade 1 
classes. When children performed two tasks the order of the tasks was alternated 
to control for effects of learning or fatigue. 
Results 
Table 4.3 Mean reaction time, accuracy and travelled distance as a function of 
group, target width and target height in the object size task (sd).  
 Reaction time 
(seconds) 
Horizontal accuracy
(pixels) 
Vertical accuracy 
(pixels) 
Travelled distance
(pixels) 
Overall 1.91 (0.08) 4.26 (0.3) 3.80 (0.2) 329 (7.2) 
Adults (N = 25) 1.23 (0.14) 3.32 (0.6) 2.64 (0.4) 295 (12.7) 
Grade 1 (N = 26) 2.10 (0.13) 5.07 (0.5) 4.78 (0.4) 345 (12.4) 
K2 (N = 27) 2.41 (0.13) 4.40 (0.5) 3.97 (0.4) 348 (12.2) 
Target width (pixels)      
7 2.13 (0.09) 2.86 (0.5) 3.61 (0.3) 334 (8.9) 
17 1.99 (0.09) 3.10 (0.3) 3.39 (0.2) 350 (12.3) 
27 1.77 (0.08) 5.33 (0.6) 4.25 (0.4) 311 (5.9) 
37 1.77 (0.96) 5.77 (0.4) 3.94 (0.4) 322 (10.5) 
Target height (pixels)      
7 2.05 (0.10) 3.67 (0.3) 2.49 (0.3) 341 (12.3) 
17 1.99 (0.09) 4.61 (0.6) 3.45 (0.4) 322 (6.3) 
27 1.82 (0.07) 4.66 (0.6) 4.03 (0.3) 332 (9.3) 
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37 1.81 (0.09) 4.12 (0.4) 5.22 (0.3) 322 (9.1) 
 
Object size task  
The object size task was designed to investigate the influence of the size of 
targets on the aiming speed and accuracy of children and adults. Table 4.3 shows 
the mean reaction time, accuracy, and pixels as a function of group and target 
size. The subjects clicked on targets on average in 1.91 seconds. They clicked 
farther away from the target horizontally (M = 4.26 pixels) than vertically (M = 
3.80 pixels), p < .01. The cursor passed on average 329 pixels when the 
participants moved it from its original position to the target (a distance of 230 
pixels) indicating that the cursor was not moved in a straight line or that the 
subjects made many precision movements before they clicked on the target.  
As expected, the size of objects affected how accurately subjects clicked and 
how fast they were able to do this. Figure 4.7 shows the average reaction time for 
objects with different widths and heights. The width of objects affected horizontal 
accuracy, F(3,225) = 12.75, p < .001. Objects with a width of 7 or 17 pixels 
resulted in a higher horizontal accuracy than objects with a width of 27 or 37 
pixels. Wide objects consequently required less time for aiming than narrow 
objects, F(3,225) = 15.41, p < .001, and the subjects needed to pass fewer pixels 
before clicking on objects with a large width, F(3,225) = 4.82, p < .01, probably 
because they needed fewer precision movements. Similarly, the height of objects 
affected vertical accuracy, F(3,225) = 14.04, p < .001, and reaction time, F(3,225) 
= 6.29), p < .001. Objects that were 37 pixels tall resulted in less precise vertical 
aiming and clicking than the other objects. Objects of 7 pixels tall resulted in 
higher vertical accuracy than objects of 27 pixels tall. These differences were 
reflected by the difference in reaction time between objects that were 7 pixels tall 
and objects that were 27 or 37 pixels tall.  
Figure 4.7 Reaction time as a function of target width and height. 
 
 Mouse skills 65 
 
Object shape task 
On average, the subjects in the object shape task clicked on the target in 1.65 
seconds. They clicked more accurately horizontally (M = 7.45 pixels) next to the 
centre of the target than vertically (M = 6.16), p < .001. The cursor passed on 
average 329 pixels to cross the 230 pixel distance between the initial position and 
the target. Table 4.4 shows the mean reaction time, accuracy, and pixels as a 
function of shape, direction of stretching, and group. The aiming trajectories are 
more often best described by a first order equation (M = 24.17 trajectories) than 
by a second (M = 15.77) or a third order equation (M = 7.71), p’s < .001. As 
expected, the participants did not click more accurately or faster on objects of a 
particular shape, but they did click more accurately horizontally on narrow 
objects than on wide objects, F(2,148) = 10.00, p < .001, and more accurately 
vertically on short objects than on tall objects, F(2,148) = 13.30, p < .001.  
Table 4.4 Mean reaction time, accuracy, and travelled distance as a function of 
group, shape and direction in the object shape task (sd).  
 Reaction time 
(seconds) 
Horizontal accuracy
(pixels) 
Vertical accuracy 
(pixels) 
Travelled distance 
(pixels) 
Overall 1.65 (0.08) 7.45 (1.1) 6.16 (0.9) 329 (7.7) 
Adults (N = 25) 1.04 (0.14) 4.76 (1.9) 3.55 (1.6) 300 (13.5) 
Grade 1 (N = 26) 1.70 (0.13) 6.79 (1.8) 5.96 (1.6) 337 (13.3) 
K2 (N = 26) 2.21 (0.13) 10.80 (1.8) 8.96 (1.6) 349 (13.3) 
Shape      
Square 1.67 (0.08) 7.01 (1.1) 6.03 (0.8) 333 (8.6) 
Round 1.63 (0.08) 7.89 (1.1) 6.29 (1.0) 324 (7.9) 
Direction      
Vertical 1.68 (0.08) 5.96 (1.2) 7.18 (0.8) 330 (9.1) 
Horizontal  1.62 (0.08) 8.98 (1.1) 5.11 (0.9) 326 (8.7) 
Square / Round 1.65 (0.08) 7.42 (1.1) 6.18 (1.1) 330 (8.9) 
Distracting objects task 
In the distracting objects task participants clicked on targets of 27 by 27 pixels, 
accompanied by distracting objects of the same size. They clicked on average 
1.67 seconds after the target appeared and they were more accurate vertically (M 
= 4.16 pixels) than horizontally (M = 4.96 pixels), p < .001. Neither reaction 
time, nor horizontal or vertical accuracy were affected by the number and 
position of distracting objects or by the distance between the target and the 
distracting objects.  
Group effects 
In the object size task, there were main effects of group on vertical accuracy, 
F(2,75) = 7.13, p < .01, reaction time, F(2,75) = 20.50, p < .001, and the number 
of pixels to the target, F(2,75) = 5.60, p < .01. Adults achieved a higher accuracy 
than children in Grade 1, but not than children in K2. Adults also needed less 
time to click on objects than children in Grade 1 and children in Kindergarten 2, 
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probably in part because adults moved the mouse less erratically towards the 
target than children in Grade 1 and Kindergarten 2. The number of first, F(2,75) = 
13.03, p < .001, second, F(2,75) = 6.50, p < .01, and third order equations, 
F(2,75) = 4.83, p < .05, differed per group, see Figure 4.8. Adults more often 
moved the cursor towards the target in a straight, first order line than children in 
Kindergarten 2 and Grade 1 and less often in an arched, second order line. 
Children in Grade 1 more often moved the mouse along a third order trajectory 
than adults, p < .05.  
Figure 4.8 The number of first, second, and third order equations as a function of 
group in the object size task. 
In the object shape task, there were main effects of group on reaction time, 
F(2,74) = 18.40, p < .001, and on the number of pixels the cursor passed to reach 
the target, F(2,74) = 3.66, p < .05. The children in Kindergarten 2 aimed at the 
target more slowly than children in Grade 1, who in turn aimed more slowly than 
adults. Additionally, children in Kindergarten 2 moved the cursor over more 
pixels to reach the target than adults. Figure 4.9 displays the average time at 
which the cursor was positioned at specific distances from the target in the object-
shape-task. The slope of the curves, indicating the speed with which adults and 
children approached the target, confirms the three stages of aiming proposed by 
Dennerlein and Yang (2001). The adults and children needed roughly 30 pixels to 
accelerate the mouse, after which they moved the cursor quickly to approximately 
40 pixels from the centre of the target. At that point they slowed down to start 
their precision aiming. As is apparent from the diverging slopes, children in 
Kindergarten 2, children in Grade 1, and adults differed in how fast they 
performed any of these three actions.  
 
 Mouse skills 67 
 
Figure 4.9 The average time at which the cursor was positioned at specific 
distances from the target in the object shape task. 
Table 4.5 shows the mean reaction times and accuracy as a function of group 
in the distracting objects task. There were main effects for group on vertical 
accuracy, F(2,76) = 6.87, p < .01, and reaction time, F(2,76) = 37.34, p < .001. 
Children in Kindergarten 2 clicked slower than adults and children in Grade 1. 
Adults had a higher vertical accuracy than children in Kindergarten 2. There were 
no effects of distracting objects or of the distance between the distracting objects 
and the target. 
Table 4.5 Mean reaction time and accuracy as a function of group (sd).  
 Reaction time 
(seconds) 
Horizontal accuracy
(pixels) 
Vertical accuracy 
(pixels) 
Overall 1.67 (0.07) 4.96 (0.6) 4.16 (0.4) 
Adults (N = 25) 1.08 (0.12) 4.14 (1.0) 2.71 (0.6) 
Grade 1 (N = 26) 1.50 (0.11) 3.90 (1.0) 3.89 (0.6) 
K2 (N = 28) 2.43 (0.11) 6.83 (1.0) 5.89 (0.6) 
Discussion 
The present study aimed to examine several aspects that could influence the 
accuracy and speed of children during aiming and clicking. Children and adults 
were asked to click on objects of different shapes and sizes, sometimes 
accompanied by distracting objects while the computer recorded their speed and 
accuracy. The size of objects affected how accurately and fast subjects clicked, 
but the shape of objects or the addition of distracting objects did not affect aiming 
and clicking.  
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The results of the present study confirm that children who have received more 
than half a year of training in reading and writing complete the tasks faster than 
children who could not yet write and slower than adults. Children in Kindergarten 
2 needed more time to accelerate the mouse, to move the cursor at top-speed, and 
to aim precisely than children in Grade 1 who in turn needed more time than 
adults (Dennerlein and Yang, 2001). This is, at least in part, due to the fact that 
children were not able to move the cursor in as straight a line as adults 
(Hourcade, 2003).  
The difference in reaction time between adults and children is also due to the 
fact that children were not as proficient as adults in the last, precision, stage of 
aiming (Hourcade, 2003; Hourcade, Bederson, Druin, and Guimbretière, 2004; 
Joiner et al., 1998). Therefore, children may benefit from an increase in target 
size more than adults. Increasing the size of objects would result in more relaxed 
and faster aiming (Hourcade, 2003; Tränkle and Deutschmann, 1991; Whisenand 
and Emurian, 1999). The results from the present study confirmed that the 
reaction times of subjects decreased considerably when the width and height of 
objects was increased to 27 pixels, but increasing the size of objects more did not 
seem to have additional benefits. This contradicts Fitts’ Law, that states that 
reaction time increases linearly with the width of objects (Lambert and Bard, 
2005). One possible explanation for the discrepancy is that Fitts’ law is a one-
dimensional law that defines the size of targets as the width of the target when it 
is approached horizontally. However, in normal computer use, users do not 
always approach targets horizontally. The present study offered users mouse tasks 
as they would encounter them in normal software: the targets were approached 
from random directions, altering the width that should be entered into the Fitts’ 
equation. Additionally, most studies that investigate the effect of target size on 
movement time, using Fitts’ Law, adjust the height of objects simultaneously 
with the width of objects (Hourcade, 2002; Jones, 1989; Whisenand and Emurian, 
1999). Logically, the height of objects may also determine the required precision 
and as a result aiming speed and reaction time. This was confirmed by the finding 
in the present study that the aiming behaviour of users was guided by the shape of 
objects. Consequently, the linear relation between width and movement time that 
was found in Fitts’ tasks, could also be perceived as a non-linear relation between 
the surface area of objects and movement time. To study the effect of the height 
of objects on Fitts’ Law more carefully, it would be necessary to investigate how 
aiming speed in a typical Fitts’ task is affected by the width of targets as well as 
by their height and the direction in which targets are approached.  
It was suggested that the shape of objects would affect the speed of aiming, but 
the present study confirmed the hypothesis that these effects were due more to the 
size of targets than their shape (Tränkle and Deutschmann, 1991; Whisenand and 
Emurian, 1999). The presence of distracting objects did also not affect aiming 
behaviour, probably because the present study presented targets with a larger size 
than the previous study. In that study, vertical aiming appeared to be more 
difficult for children than horizontal aiming. However, the absence of such an 
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effect in the present study suggests that the effect was caused by the slanted arrow 
that was then used as a cursor. 
The results from the present study showed that the shape of objects and 
distracting objects did not affect aiming and clicking and that the size of objects 
affected the reaction time of adults as much as that of children. To further 
increase the aiming speed of children, more basic changes in the mouse tasks may 
be required. Two possible adaptations that may affect the aiming speed of 
children are the use of a small mouse that is designed for children or the use of 
force feedback that draws the cursor towards targets (Dennerlein and Yang, 
2001). The present study clearly showed that it is essential to consider the size of 
objects in interface design. This recommendation applies more to the design of 
interfaces for children than for adults because children suffer more from slow 
clicking. The reaction time of adults and children decreased when the objects 
increased in size, but levelled off when the objects were 27 pixels wide and tall. 
Therefore, the most important conclusion that can be drawn from the present 
study is that objects in software for children should be 27 pixels wide and tall on 
a 15-inch screen with a resolution of 600 by 800 pixels (approximately 1 cm) to 
ensure that children can click on them fast as well as accurate.  
4.4 Experiment 3 
There has been some debate on whether drag-and-drop is more difficult to use for 
children than click-move-click. The main disagreement between advocates and 
opponents of the use of drag-and-drop in software for children is whether children 
are able to hold the mouse button pressed and move the mouse simultaneously 
(Crook, 1992; Joiner et al., 1998; Segers & Verhoeven, 2002). In the first 
experiment described in this chapter, we were able to show that children of 6 and 
7 years old use drag-and-drop faster and with fewer mistakes than click-move-
click, suggesting that drop errors were not caused by premature releases of the 
mouse button. This finding calls for a thorough investigation of the cause of drop 
errors. Therefore, the present study aimed to examine the drag-and-drop skills of 
children. 
Drop errors in drag-and-drop sequences have two potential causes. First, drop 
errors may occur when users release the mouse button during movement. These 
drop errors would occur anywhere between the original position of the object and 
the receptor where it had to be released. Second, the drop errors may be due to 
problems in selecting the target and the release spot. If selection problems are 
responsible for drop errors, drop errors would occur near the original position of 
the target and near its receptor. When children select the target by clicking instead 
of maintaining pressure on the mouse button, they do not initiate a movement 
sequence, resulting in a drop error near the original position of the target. When 
children do not place the target correctly on the release spot, they do not 
successfully complete the movement sequence and make a drop error near the 
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receptor. The main purpose of the present study was to investigate whether drop 
errors were caused mainly by errors in selecting the target and release spot or by 
errors during movement. Therefore, the present study recorded the position of 
drop errors relative to the original position of the target and the position of the 
release spot.  
Because large objects were more easy to aim at than small objects, the number 
of drop errors that are due to problems in selecting the receptor should be affected 
by the size of the release spot. Receptors smaller than the target would result in 
slower reaction times and more drop errors than receptors larger than the target 
(Hourcade, 2003; Tränkle & Deutschmann, 1991; Whisenand & Emurian, 1999). 
Dropping objects may be even more difficult when the object and the receptor are 
of equal size and shape because children may then try to release the object 
precisely on the receptor which would require laborious aiming.  
When drop errors are due mainly to the inability of children to move the mouse 
with the button pressed, children are likely to make more drop errors in long 
moves than in short moves (Whisenand & Emurian, 1999). Additionally, the 
percentage of drop errors due to premature mouse button releases could be 
affected by movement direction. Moving the mouse downwards allowed children 
to move the mouse and apply pressure on the mouse button in the same direction. 
As a result, they could be less likely to release the mouse button prematurely than 
when they moved the mouse upwards. To investigate whether drop errors were 
due to the inability of children to move the mouse with the mouse button pressed, 
the effects of movement distance and direction on the percentage of drop errors 
and movement speed were investigated. 
The research literature shows that movement direction affects the speed in 
movement sequences made by adults and children. There is some debate on the 
most favourable direction in which adults move objects over a computer screen 
(Phillips & Triggs, 2001; Tränkle & Deutschmann, 1991; Whisenand & Emurian, 
1999). The results from the first study described in this chapter showed that 
children in Kindergarten 2 and Grade 1 appeared to move the mouse faster 
horizontally than vertically when they moved it over a short distance. For long 
distances, this effect was reversed. It was hypothesised that the cause of the 
different effects of distance on movement speed was physical. The wrist, used for 
small movements, may be moved more comfortably horizontally, whereas the 
arm, used for long movements, may be moved more comfortably vertically. 
However, in this previous study only one vertical direction (downward) and one 
horizontal direction (from left to right) were investigated. The present study 
examined whether the influence of various movement directions and distances 
were different for young children than for adults of children with more developed 
motor skills. 
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Method 
Participants 
Dutch children from Kindergarten 2 (N = 53; mean age: 5 years; 11 months) and 
Grade 1 (N = 50; mean age: 6 years; 11 months) of 3 schools in the area of 
Amsterdam participated in this study as well as 25 adults (Age 20 to 28; mean 
age: 24 years; 3 months), 10 men and 15 women. The experiment took place in 
March and April, at which time the children in Grade 1 had received at least 7 
months of formal training in reading and writing. The children who participated 
each completed one of the two tasks, but the adults completed both tasks. This 
variation in subject between the tasks did not affect the results because the data 
were analysed per task. Only a small number of children and adults (N = 11) was 
left-handed. The differences between right-handers and left-handers were not 
investigated because the mouse-skills of left-handers, right-handers, and left-
handers who use the mouse with their right hand are reported not to differ (Peters 
& Ivanoff, 1999).  
Tasks  
Two tasks were designed: one to investigate the effects of distance and direction 
and a second task to examine the effects of the size of the release spot. In the two 
tasks, the participants were asked to drag targets to receptors. Trials continued 
until the target had successfully been moved onto the release spot. The duration 
of time between the first time the subjects pressed the mouse button and the last 
time they released the mouse button defined the reaction time, including the time 
spent on errors. Movement speed, the reaction time corrected for distance, was 
calculated per item by dividing the movement time (reaction time without time 
spent on errors) by the distance between the target and the receptor. Selection 
errors occurred when subjects pressed the mouse button outside the target and 
drop errors were recorded when the participants released the mouse button to 
complete a drag sequence when the target and the receptor did not touch each 
other. Drop errors could occur at the original position of the target when the 
subjects accidentally clicked on the target instead of keeping the mouse button 
pressed. They could also occur close to the receptor when subjects were unable to 
correctly select the release spot, or anywhere in between when it was difficult to 
move the mouse while maintaining pressure on the mouse button. Duration, speed 
and errors were recorded for each trial and subjected to multivariate repeated-
measures analyses of variance (MANOVA) per task, with group as between-
subjects variable and distance and direction or release spot size as within-subjects 
variable. The locations of the drop errors were plotted and analysed qualitatively 
for both tasks together. 
Distance and direction task. In the distance and direction task, the children 
and adults dragged square objects to a receptor that was positioned at a distance 
of 217, 299, 380 or 462 pixels from the target in one of eight directions: 
horizontally (0° or 180°), vertically (90° or 270°), or diagonally (45°, 135°, 225°, 
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or 315°). The pink targets and blue receptors were both 27 pixels wide and tall 
and adorned with matching pictures: a fish had to be dragged to a fishbowl, a girl 
to a house, etcetera, see Figure 4.10. The direction of movement and the distance 
between the centre of the target and the centre of the receptor were varied to 
produce 32 trials that the subjects each performed 3 times. The resulting 96 trials 
were counterbalanced for the direction of movement and for distance to control 
for effects of training and fatigue. When subjects released the target outside the 
receptor, the target was returned to its original position, a drop error was 
recorded, and they could try again. This is a common procedure in educational 
software. Immediately after the target was dropped on the receptor, the next trial 
was presented.  
Figure 4.10 An example of a target (fish) and its receptor (bowl) in the distance 
and direction task. 
Receptor task. To investigate the effect of receptor size on the speed and 
accuracy of a child’s and adult’s movement behaviour, the subjects were asked to 
drag a square of 27 by 27 pixels to a receptor of 17, 27, or 37 pixels wide and tall. 
The targets were adorned with pictures similar to the ones in the distance and 
direction task, but the receptors were plain pink. The targets had to be dragged in 
four directions (left, right, up, and down) over a distance of 280 pixels. The four 
directions and three receptor sizes were combined to create 12 items that were 
each presented three times. The order of the 36 trials was counterbalanced for the 
size of the receptor to avoid training effects. When subjects released the target 
outside the receptor, the target was returned to its original position and they could 
try again. Immediately after a target had successfully been dropped on its receptor 
the next trial was presented. 
Procedure 
The tasks were presented full screen on a yellow background at a laptop computer 
with a 15-inch screen and a resolution of 800 by 600 pixels (pixel size: 0.38 mm). 
The participants again used an infrared mouse. Both tasks were preceded by a 
short explanation and three trial items. To accentuate the hotspot of the cursor, it 
was presented as a cross-hair of 17 pixels wide and long. A small hand with a 
extended index finger replaced the cross-hair cursor when it was moved on the 
target. During dragging, the hand closed and the cursor and target moved 
simultaneously. The software did not reposition the cursor at any time.  
The adult subjects (N = 25), all university students, were tested in a quiet 
room. They completed the two tasks in alternated orders to control for learning 
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effects. Even though the adults were instructed to take breaks between the tasks to 
prevent fatigue, not many complied with this instruction, because most of them 
were able to complete all the tasks swiftly. The children were taken from the 
classroom with permission from their teacher and they completed the experiment 
in a quiet room in their school.  
Results 
Descriptives 
In the distance and direction task where subjects had to drag a square object of 27 
by 27 pixels to a receptor of the same size over various distances and directions, 
they needed on average 2.45 seconds to complete a trial with an average speed of 
231 pixels per second. The participants made on average a selection error in 15% 
and a drop error in 9% of the items. Table 4.6 shows the mean reaction time, 
speed and percentage of errors as a function of group, movement direction and 
movement distance.  
Table 4.6 Mean reaction time, speed, and proportion of errors as a function of 
group, direction, and distance in the distance and direction task (sd).  
 Reaction time 
(seconds) 
Speed 
(pixels/sec) 
Selection errors 
(per 100 items) 
Drop errors 
(per 100 items) 
Overall 2.45 (0.10) 231 (7.7) 15 (2) 9 (1) 
Adults  (N = 25) 1.28 (0.18) 323 (13.2) 4 (3) 1 (2) 
Grade 1  (N = 24) 2.70 (0.18) 195 (13.5) 20 (3) 8 (2) 
K2  (N = 25) 3.37 (0.18) 175 (13.2) 21 (3) 17 (2) 
Direction    
90°  (up) 2.60 (0.15) 228 (8.0) 19 (3) 9 (2) 
135°  (up and left) 2.73 (0.16) 229 (7.9) 17 (2) 11 (2) 
270°  (down) 2.24 (0.11) 227 (7.7) 14 (2) 4 (2) 
Distance (pixels)    
217  2.18 (0.10) 173 (6.6) 16 (2) 8 (2) 
299  2.31 (0.10) 214 (7.4) 14 (2) 7 (1) 
380  2.48 (0.13) 252 (8.4) 13 (2) 8 (1) 
462  2.82 (0.13) 285 (8.9) 17 (2) 11 (1) 
 
In the receptor task the subjects moved the target to receptors of different sizes 
with a speed of 212 pixels per second in on average 1.93 seconds. They made on 
average a selection error in 8% and a drop error in 4% of the items. Table 4.7 
shows the mean reaction time, speed, and percentage of selection and drop errors 
as a function of group, receptor size and movement direction.  
In both tasks, as expected, the adults performed better than children in Grade 1 
who performed better than children in Kindergarten 2. In the distance and 
direction task, there were main effects of group on reaction time, F(2,71) = 36.08, 
p < .001, speed, F(2,71) = 36.45, p < .001, the percentage of selection errors, 
F(2,71) = 7.90, p < .01, and the percentage of drop errors, F(2,71) = 18.90, p < 
.001. Adults moved the cursor faster than children in G1 and children in K2. As a 
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result, adults needed less time to complete items than children in Grade 1 who 
needed less time than children in K2. Adults also made fewer selection errors and 
drop errors than children in G1 and children in K2. Children in Grade 1 made 
fewer drop errors than children in K2.  
 
Table 4.7 Mean reaction time, speed, and proportion of errors as a function of 
group, receptor size, and direction (sd). 
 Reaction time 
(seconds) 
Speed 
(pixels/sec) 
Selection errors 
(per 100 items) 
Drop errors 
(per 100 items) 
Overall 1.93 (0.07) 212 (6.4) 8 (1) 4 (1) 
Adults  (N = 25) 1.13 (0.13) 314 (11.4) 2 (1) 2 (1) 
Grade 1  (N = 26) 2.10 (0.13) 169 (11.2) 8 (1) 4 (1) 
K2  (N = 28) 2.55 (0.12) 154 (10.8) 13 (1) 5 (1) 
Receptor size  
< target 1.87 (0.08) 213 (4.6) 8 (1) 6 (1) 
= target 2.19 (0.10) 193 (7.6) 8 (1) 4 (1) 
> target 1.72 (0.06) 231 (7.8) 7 (1) 3 (1) 
Direction  
0°  (right) 1.91 (0.08) 214 (6.7) 8 (1) 4 (1) 
90°  (up) 1.86 (0.07) 215 (6.9) 8 (1) 3 (1) 
180°  (left) 1.93 (0.09) 218 (7.0) 8 (1) 5 (1) 
270°  (down) 2.00 (0.08) 202 (6.3) 7 (1) 4 (1) 
 
In the receptor task, group affected reaction time, F(2,76) = 32.72, p < .001, 
speed, F(2,76) = 62.2, p < .001, and the percentage of selection errors, F(2,76) = 
17.32, p < .001. Adults moved targets with higher speed than children in G1 and 
children in K2. As a result, adults needed less time to move the objects than 
children in Grade 1 who needed less time than children in Kindergarten 2. Adults 
made fewer selection errors than the children in G1 who made fewer selection 
errors than children in K2.  
Analysis of drop errors 
The 128 subjects who participated in the present experiment by performing one or 
two tasks made in total 786 drop errors. Probable causes of drop errors can be 
deduced from the distance that the target had been moved before it was dropped. 
The drop errors that occurred near the original position of the target were likely to 
be a result of problems in picking the target up, the drop errors that occurred near 
the receptor were probably caused by problems in aiming the target at the 
receptor, and the drop errors that occurred between the beginning and the end of a 
move would have been caused by premature releases of the mouse button. To 
shed some light on the percentage of drop errors that occur near the original 
position of the target, near the receptor, or in between, the positions of the drop 
errors from both tasks are displayed in Figure 4.11. As is clear from this Figure, 
most of the drop errors occurred either close to the original position of the object 
or close to the receptor. The target had been moved less than a fifth of the 
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distance between the target and the receptor in 24.9% of the drop errors. In 51.9% 
of the drop errors, the object had been moved more than four fifth of this 
distance. This pattern did not differ between children and adults, even though 
adults made fewer drop errors than children. These findings demonstrate that it is 
more difficult for both children and adults to select the target and the release spot 
than it is to hold the mouse button down during dragging.  
Figure 4.11 Position of drop errors related to the original position of the target 
and the position of the receptor. 
Size of the release spot 
The size of the receptor in the receptor task affected reaction time, F(2,152) = 
24.24, p < .001, speed, F(2,152) = 44.67, p < .001, and the percentage of drop 
errors, F(2,152) = 5.22, p < .01. More drop errors occurred when subjects had to 
drop the target on a small receptor than when the object had to be dropped on a 
large receptor. In Figure 4.12 the positions of drop errors are plotted that occurred 
when the subjects moved an object to a large and a small receptor in the receptor 
task. It clearly shows that it is easier to aim a target at a large receptor than at a 
small receptor. The relative difficulty of aiming a target at receptors of different 
sizes is also reflected in reaction time and movement speed. The participants 
needed more time to drag the target to a small receptor than to a large receptor. 
They needed even more time to move a target to a receptor of the same size. 
Targets were dragged slower to a receptor of the same size than to small or large 
receptors. An interaction between receptor size and group for speed in the 
receptor task, F(4,152) = 3.16, p < .05, indicated that the difference in speed 
between the receptors were more pronounced for adults than for children, see 
Figure 4.13. 
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Figure 4.12 The position of drop errors as a function of receptor size. 
Figure 4.13 Aiming speed a function of receptor size and group. 
Distance 
In the distance and direction task the movement distance did not affect the 
percentage of drop errors that were made. This finding is consistent with the 
previous finding that the majority of drop errors were not due to premature 
releases of the mouse button. In contrast, distance did affect reaction time, 
F(3,213) = 22.57, p < .001. Predictably, subjects needed more time to drag 
objects over long distances than over short distances, and they completed these 
moves with higher speeds, F(3,213) = 649.79, p < .001. Interactions between 
distance and group for reaction time, F(6,213) = 3.03, p < .01, and for speed, 
F(6,213) = 23.07, p < .001, showed that the effect of distance on reaction time 
was stronger for children in Kindergarten 2 and Grade 1 than for adults, but that 
the effect of distance on speed was stronger for adults than for the children.  
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Figure 4.14 Reaction time and speed as a function of distance and group. 
Apparently, adults increased their movement speed over long distances, boosting 
the effect of distance on speed and decreasing its effect on reaction time. 
Children, on the other hand, were not able to increase movement speed and 
therefore, they needed more time to move objects over long distances than over 
short distances, see Figure 4.14.  
Direction 
The direction of movement in the distance and direction task affected the 
percentage of drop errors, F(7,497) = 4.18, p < .001, speed, F(7,497) = 4.22, p < 
.001, reaction time, F(7,497) = 3.17, p < .01, and the percentage of selection 
errors, F(7,497) = 2.50, p < .05. Post-hoc tests did not reveal specific differences 
in the percentage of selection errors between directions. An interaction between 
direction and group for the percentage of drop errors, F(14,497) = 1.81, p < .05, 
indicated that children in Kindergarten 2 made relatively few drop errors when 
they moved an object downward, see Figure 4.15. Downward moves may have 
been less prone to drop errors because they allow users to move the mouse in the 
same direction as they apply pressure on the mouse button. The percentage of 
drop errors made by adults was probably not affected by movement direction 
because adults hardly made any drop errors. The reaction times for upward moves 
were longer than the reaction times for downward moves. An interaction between 
movement direction and group for speed showed that these differences were more 
pronounced for adults than for children, F(14,497) = 3.07, p < .001. Figure 4.15 
shows how fast participants from the three age-groups were able to move objects 
in various directions. Adults appear to be able to drag objects faster in horizontal 
directions than in vertical directions, but for children no such differences exist.  
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Figure 4.15 Speed and drop errors as a function of direction and group. 
The four directions in which the objects were moved in the receptor task did 
not affect the percentage of drop errors or reaction time, but they did influence 
movement speed, F(3,228) = 8.74, p < .001. Subjects moved objects slower 
downward than in any of the other directions.  
Discussion 
Because the risk of drop errors is generally considered to be the main 
disadvantage of using drag-and-drop in educational software, and because some 
controversy exists about the cause of drop errors, the present study investigated 
whether drop errors are due more to problems in moving the mouse with the 
mouse button pressed or to problems in picking up and releasing objects (Crook, 
1992; Joiner et al., 1998). The results from the present study confirmed the 
hypothesis that drop errors were a greater risk for children than for adults (Joiner 
et al., 1998). The two possible causes of drop errors were investigated by 
recording the position of drop errors made by children in Kindergarten 2 and 
Grade 1 as well as by adults. Problems in picking objects up and releasing them 
would result in drop errors that occur near the target or release spot. Problems in 
maintaining pressure on the mouse button while moving the mouse would result 
in drop errors that occur between the target and release spot. In the first study 
described in this chapter, we showed that children made fewer mistakes during 
drag-and-drop than during click-move-click, suggesting that children did not find 
it difficult to move the mouse with the mouse button pressed. In the present study 
as well, there was not much evidence that children dropped objects because they 
were unable to move the mouse with the button pressed (Segers & Verhoeven, 
2002). Analyses of the position of the drop errors clearly showed that most drop 
errors originated at the beginning or at the end of a move. This means that 
children found it difficult to start a dragging sequence and to aim a target at a 
receptor. 
The present study additionally investigated some aspects of mouse tasks that 
may have affected the number of drop errors. Children and adults were asked to 
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move objects in various movement directions and distances, to release spots of 
different sizes. The computer recorded their speed and the number of errors in 
addition to the locations of their drop errors. That the participants made fewer 
drop errors and moved the mouse faster when they moved a target to a large 
receptor than when they moved it to a small receptor, verified that drop errors 
resulted from problems in selecting small release spots (Hourcade, 2003; Tränkle 
& Deutschmann, 1991; Whisenand & Emurian, 1999). Additionally, the 
participants needed more time to drag the target to a receptor of the same size 
than to small or large receptors, resulting in slower movement speeds. These 
findings confirmed the hypothesis that users would try to place the target exactly 
on the receptor when they were of the same size and shape. Placing a target 
exactly over the receptor is a time-consuming aiming task. The difference in 
speed between the receptors was more pronounced for adults than for children. 
When the difficulty of an aiming task was decreased, the accuracy of children 
rather than their speed increased. Adults did not have to increase their accuracy 
and could therefore increase their aiming speed. Apparently, children tried to 
increase their accuracy before they would increase their speed. 
The number of drop errors due to problems in maintaining pressure on the 
mouse button should be affected by the direction and distance over which the 
target had to be moved (Joiner et al., 1998; Whisenand & Emurian, 1999). That 
movement distance did not affect the number of drop errors children made 
confirmed that only a minority of drop errors were due to problems in holding the 
mouse button pressed during movement. It was reasonable to expect that the 
participants would need more time to move targets over larger distances and that 
they would do this with a higher movement speed. The results showed that adults 
moved the mouse faster when moving objects over large distances, but that 
children were not able to increase their movement speed. The children therefore 
needed more time to move objects over long distances than over short distances.  
Whereas the number of drop errors was not affected by movement distance, it 
was affected by the direction of a move. Children made more drop errors when 
they moved the target upward than downward, suggesting that is was more 
difficult to move the mouse in a direction opposite to the direction of the pressure 
applied to depress the mouse button. Similar problems may arise during click-
move-click. Moving the mouse up during dragging resulted in accidental release 
of the mouse button, and similarly, moving the mouse downward during click-
move-click may result in involuntary pressure on the mouse button. This would 
explain why children made more drop errors during click-move-click than during 
drag-and-drop in tasks where targets had to be moved right and down in the 
previous study. Thus, designers should consider the direction in which objects 
have to be dragged while further studies should investigate how drop errors are 
related to movement direction in click-move-click tasks.  
The effect of movement direction on drop errors was stronger for children than 
for adults, probably because adults hardly made any drop errors. Although adults 
did not make more drop errors when they moved the target in a difficult direction, 
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they did move the target faster when it had to be moved horizontally instead of 
vertically. This effect of direction on speed was smaller for children. Apparently, 
the difficulty of mouse tasks for adults was determined by the speed of their 
moves, which is why, in general, mouse task for adults are compared by Fitts’ 
Law that calculates the difficulty of a task based on the mouse skills of adults, 
target size, movement time, and movement distance (Gillan, Holden, Adam, 
Rudisill, & Magee, 1990). The present study showed that the difficulty of mouse 
tasks for children is probably described better by the number of drop errors they 
make than by their movement speed. 
The present study showed that most of the drop errors made by children and 
adults occurred near the target and the release spot. The drop errors in selecting 
the target probably resulted from users who clicked the mouse button instead of 
keeping it pressed and moving the mouse. This could mean that they were not 
able to start moving the mouse with the mouse button pressed. An alternative 
explanation is that the subjects who made these errors did not know that the 
object had to be moved with the mouse button pressed and instead initiated a 
click-move-click sequence. To prevent these procedural errors, the required 
movement procedure should be indicated clearly to the users, for instance by the 
appearance of the cursor. Near the release spot, the drop errors were due to 
problems in aiming the target at the release spot. The results showed that the 
number of drop errors near the release spot can be decreased by increasing the 
size of receptors. Also, it could be beneficial to change the appearance of the 
target or receptor when the target has reached the release spot. 
4.4 General discussion 
Research has indicated that input devices are important for the usability of 
education software, but empirical data in this area is rather limited (Smith & 
Keep, 1986; Hourcade, 2002). Therefore, the main purpose of the present chapter 
was to investigate how accurately children were able to click on objects and 
whether drag-and-drop was suitable for children. The results from the first 
experiment showed that children were capable of clicking on small objects highly 
accurately, but that precision aiming required a lot of time. The second 
experiment confirmed that children needed more time than adults to aim precisely 
at objects and it showed that the aiming speed of children and adults decreased 
until targets were 27 pixels wide and tall.  
In the first experiment, two alternative movement procedures were compared. 
The results showed that children moved targets faster and more accurately with 
drag-and-drop than with click-move-click. This was quite unexpected, because 
previous research has cautioned that children would make many drop errors in 
drag-and-drop (MacKenzie, Sellen, & Buxton, 1991; Strommen, 1993). 
Therefore, the third experiment investigated the positions of drop errors in drag-
and-drop. The results from this study clearly showed that the majority of drop 
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errors were not made because children released the mouse button prematurely, 
but because they found it difficult to pick up the target and to release it on the 
receptor. Correspondingly, the size of receptors affected the number of drop 
errors children made and the reaction time of adults.  
Based on the three experiments discussed in this chapter, it can be concluded 
that the targets in educational software for children in K2 and G1 should be at 
least 1 centimetre wide and tall. A comparison of movement procedures and an 
analysis of drop errors showed that the most suitable procedure to move targets is 
drag-and-drop and that targets should be moved downward toward receptors that 
are larger than the target. The question that remains is whether these findings 
generalise to children younger and older than the children who participated in the 
present experiments. The 1 centimetre guideline applied to adults as well as to 
children in Kindergarten 2 and Grade 1 and is therefore likely to generalise to all 
users older than six. The effect of receptor size and movement direction on 
movement speed and errors was not the same for children in Kindergarten 2, 
children in Grade 1, and adults. The difficulty of movement tasks affected 
movement speed and reaction time for adults, and the number of drop errors for 
children. When a task is made easier, children make fewer mistakes, but they do 
not increase their aiming speed, indicating that they consider their rate of error 
too high. Adults are able to perform very difficult tasks error-free and 
consequently improve on movement speed. It would be interesting to investigate 
at what age children start increasing their aiming speed, because this indicates 
that they consider their rate of error acceptable.  
The experiments in the present chapter investigated mouse skills because the 
mouse is a popular input device. In the near future new input devices for children 
may be introduced in education. For instance, the game controller is a relatively 
new device that combines the advantages of both direct and indirect devices 
(Rosas, Nussbaum, Cumsille, Marianov, Correa, Flores, Grau, Lagos, López, 
López, Rodriguez, & Salinas, 2003; Strommen, 1993). A more recent 
development is “nouse” technology, that allows a webcam to translate the 
movement of the nose of users into cursor movements (Gorodnichy & Roth, 
2004). These devices may be more comfortable to use for children than the 
mouse, but should be the object of a study similar to the present study before they 
are used in educational software. 

 5 
The effects of feedback and goals3 
5.1 Introduction 
To err is human. Everybody makes mistakes. Fortunately, like a donkey who 
never stumbles twice over the same rock, we learn from our mistakes. Without 
feedback, however, mistakes may go unnoticed. Therefore, feedback is regarded 
as an important ingredient of successful learning environments. After establishing 
a goal, translating the goal into actions, and performing these actions, the 
evaluation determines how new actions are formed (Andre, Hartson, Belz, & 
McCreary, 2001). The feedback children receive in educational software 
communicates to them whether they have reached their goal and what goal they 
need to achieve in the future. Based on this feedback, children can adapt their 
behaviour and learn (Bugelski, 1956; Cohen, 1985; Kluger & DeNisi, 1996; 
Mercer, Mercer, & Bott, 1984; Ryan & Robey, 2002; Squires, 1997; Weber, 
2003). However,  increasing the amount of feedback does not necessarily enhance 
learning (Lee & Dwyer, 1994). In fact, one third of feedback interventions  in a 
meta-analysis decreased performance, especially when feedback referred to 
intelligence rather than effort (Kluger & DeNisi, 1996; Mueller & Dweck, 1998). 
Feedback and goals not only affect performance, but they also enhance the 
motivation of children to continue working with the program (Barendregt & 
Bekker, 2004; Bumpus, Olbeter, & Glover, 1998; Goudas, Minardou, & Kotis, 
2000; Malone & Lepper, 1987; Mercer, Mercer, & Bott, 1984; Ryan & Deci, 
2000b; Terrell & Rendulic, 1996). The amount of feedback children receive 
correlates positively with their attitude towards the program (Lee & Dwyer, 
1994). The aim of present chapter was to investigate how feedback concerning 
accuracy and speed affects the performance and motivation of children. 
Feedback in computer settings yields more positive results than in non-
computer settings (Kluger & DeNisi, 1996). The ability to deliver feedback is not 
considered to be a unique advantage of educational software, but the ability to 
                                            
3 The results of Experiment 1 were published in Donker, Berends, & Reitsma (2004). An article based 
on the results of Experiment 2 has been submitted as “Eye movements confirm the effects of 
feedback in computer tasks for children”. 
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deliver feedback immediately is unique (Armstrong & Loane, 1994; Roschelle, 
Pea, Hoadley, Gordin, & Means, 2000). Being informed about mistakes 
immediately is generally more effective for learning than being informed after a 
delay in which one has the opportunity to repeat mistakes (Mercer, Mercer, & 
Bott, 1984). Self-correcting materials, which provide learners with feedback after 
every response, also appear to be more motivating than classroom teaching 
(Mercer, Mercer & Bott, 1984). When using self-correcting materials, the 
consequences of making mistakes are less severe and the de-motivating fear of 
making mistakes in public is decreased (Rosegrant, 1985). However, a 
disadvantage of self-correcting materials is that children may adopt a trial-and-
error strategy of problem solving, especially when they are allowed to work on 
problems until their answer is correct (Cope & Simmons, 1994; Kulhavy, 1977). 
In its most basic form, feedback informs children on whether their answer was 
correct or not. The exact content of accuracy feedback may affect what children 
learn. For example, in initial reading instruction, children generally receive 
feedback on the accuracy of their oral reading. When these children receive 
whole words as feedback they mainly learn specific words. When they instead 
receive segmented words as feedback they seem to improve on more basic 
reading skills, such as using letter-sound correspondences (Spaai, Ellerman, & 
Reitsma, 1991; Van Daal & Reitsma, 2000). In this way, feedback guides the 
learner’s focus of attention towards specific learning goals (Hellström & 
Rammsayer, 2004; Ryan & Robey, 2002). The presence of goals, whether 
presented as feedback or otherwise, may cause children to enjoy the software 
more (Smith & Keep, 1986), and may increase motivation, especially when the 
goals are specific, moderately difficult (Driscoll, 1994), and focused on skill 
acquisition rather than performance (Ames & Archer, 1988). Goals that focus on 
skill acquisition lead to higher self-efficacy than goals that focus on task-
performance. The effectiveness of training, however, does not seem to be affected 
differently by goals that focus on skill acquisition or task performance (Schunk & 
Ertmer, 1999).  
The inventory of usability aspects in educational software that was presented in 
Chapter 2 showed that most current educational software contains a goal and 
feedback, but also that nearly none of the investigated programs contained 
multiple goals. It is hypothesised that children will find two goals more 
motivating than one goal (Malone & Lepper, 1987). On the other hand, any goal 
that does not add to the content of the program is likely to divert children from 
learning (Mayer & Moreno, 2002; Merrill, 1988). Therefore, it is imperative that 
when multiple goals are presented, all goals relate to the educational content of 
the program. 
In reading education, it would be quite natural and educational to present 
multiple goals to children. Learning to read is in essence the acquirement of a 
skill and learning to perform a skill inherently contains two goals: the skill should 
be performed both accurately and fast. When children learn to read, they first 
learn letter-sound correspondences. When they can decode sufficient letters 
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accurately, they will start spelling words. Eventually, this process will speed up 
and children will start to read whole words instead of decoding strings of letters. 
Children who experience trouble reading often fail on either accuracy or speed. 
Some children start reading whole words before they know enough letters. These 
children read fast, but hardly accurate. On the other hand, some children continue 
to spell words, which results in accurate, but very slow reading. It is clear that 
children who fail to be accurate and children who fail to be fast benefit from 
different goals. By presenting feedback either on the accuracy or on the speed of 
children’s answers, educational software may persuade them to read more 
accurately or faster. The present chapter discusses two experiments that were 
conducted to investigate how goals and feedback concerning accuracy and speed 
affect performance, motivation, and learning. The first experiment was a between 
subjects study in which accurate, but slow readers received reading training with 
feedback on accuracy and speed. The learning gain of the training and the 
children’s motivation were investigated. The second experiment studied the effect 
of accuracy and speed feedback on motivation and performance between subjects 
in non-school tasks.  
5.2 Experiment 1 
The present study examined the influence of goals and feedback concerning 
accuracy and speed on the effectiveness of educational software and on the 
motivation of children. We were also interested to learn how children responded 
to feedback. The motivation of children who received more elaborate feedback 
combined with a goal was probably higher and these children may therefore have 
been more engaged in the program than children who received more basic 
feedback. We predicted that children who received elaborate feedback would 
work more concentrated, pay more attention to feedback, and respond more to 
feedback during practice then children who received basic feedback. Furthermore, 
all children were expected to become more attentive and responsive to feedback 
directly after the content of their feedback had changed. Children receiving 
feedback about the speed of their responses were expected to work faster than 
children who did not receive speed feedback. 
Method 
Subjects 
Children were recruited from the second grade of seven elementary schools in the 
area of Amsterdam. All children had a didactic age of 12 months. Teachers 
selected children with reading difficulties, on the basis of which pupils were 
tested to identify children who read accurately, but slowly. A standardised one-
minute test (OMT) of word reading (Brus & Voeten, 1979) was administered 
together with a test for knowledge of letter-sound correspondences. Additionally, 
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children were asked to read two lists of 10 words each. One of these lists 
consisted of the words that were trained during the experiment. The other list 
contained words that were not trained, but served as control words. The words in 
both lists had the same structure and were equally difficult. Criteria for children 
to be included in the study were:  
- at least 28 of the 34 letters and letter-clusters were named correctly in the test 
for knowledge of letter-sound correspondences;  
- between 9 and 22 words were read correctly on the OMT;  
- and no more than 4 mistakes were made in the list of either the experimental 
words or the control words.  
These criteria ensured that the children included in the study were able to read 
the material presented, but that their reading speed could be improved by training. 
Only children who were present at all evaluation- and observation-moments (N = 
51) were included in the statistical analyses.  
Apparatus  
The children practised their reading skills using an experimental computer 
program. They had to decide whether single words were semantically associated 
with previously presented words or phrases. For example, they first saw It is tall 
or Book and then Giraffe (which is associated with It is tall, but not with Book). 
The children made their decisions promptly by clicking one of two onscreen 
buttons depicting “yes” and “no”. Each practice session consisted of 25 of these 
items. The single words (Giraffe) were presented to the children for 600 msec. 
This presentation time was adapted after each session. When children were slow 
and inaccurate the presentation-time was increased, when they were fast and 
accurate it was decreased. This ensured that the exercises continue to challenge 
the children. 
Figure 5.1 The different types of visual feedback on screen. 
The children worked with one of four versions of the software program for 10 
sessions. The versions differed only in the type of feedback presented and in 
whether or not goals were set. All feedback was provided visually. After each 
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individual response all children were informed whether that response was correct 
by either a happy or a sad bear shown in the bottom-centre of the screen, see 
Figure 5.1. There were two types of additional feedback. One type was the 
cumulative accuracy over the current session. Cumulative accuracy was depicted 
by a row of lights on the bottom half of the screen. After an incorrect answer a 
light turned red on the right side of the line, and after a correct answer a light 
turned green on the left side of the line. The goal for the child was to answer at 
least a specified number of questions correctly. The other type of additional 
feedback showed children the speed of their responses by presenting circles on a 
scale from slow (snail) to fast (hare). Children were asked to try getting their 
circles on the hare-side of a red bar. Both goals were adjusted after each session 
on the basis of the performance of the child.  
There were four feedback-conditions: some children were only informed about 
the correctness of individual responses, others also received feedback on 
cumulative accuracy, speed, or both. After 10 sessions the children changed 
feedback-conditions and worked with another version of the program for six 
sessions.  
Measures  
In order to study how feedback and setting goals affect the motivation of children, 
a measure of motivation was needed. Asking children about their motivation 
would probably result in socially desirable, unreliable answers (Manstead & 
Semin, 1996). Observing children could be an appropriate alternative to 
determine their motivation (Read, MacFarlane & Casey, 2002). Hence, in the 
present study, behaviour that was assumed to be related to motivation was 
observed. It was expected that motivated children would be more interested in 
their performance and would therefore pay more attention to feedback. Motivated 
children were also expected to show their engagement in the program by 
responding more to feedback and by working more concentrated. Time-sampled 
observations were used to record the behaviour of children during interaction with 
the program. The observer positioned herself slightly behind the children on the 
side of their dominant hand, because children tend to lean on the hand with which 
they are not holding the mouse, which makes it difficult to see their face. By 
listening to the clicks of the mouse the observer was able to determine at what 
stage in an exercise children were, without looking away from their faces. Every 
30 seconds the observer recorded the most salient behaviour of the child on four 
dimensions. At the end of the sessions, the scores on these dimensions were 
averaged. The behavioural dimensions that were observed were: 
Attention for feedback (Does the child look at the feedback?). Possible 
answers: yes (1) and no (0). Because all feedback was located on the bottom half 
of the screen and all words were located on the top half of the screen, assigning 
scores on this dimension was straightforward: children who looked down looked 
at feedback received one point (1) and children who did not look down did not 
look at feedback received no points (0).  
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Meticulousness (How meticulously does the child look at feedback?). Possible 
answers: the child studied the feedback meticulously (1), the child only glanced at 
the feedback (½) and the child did not look at the feedback at all (0). This 
dimension is more complex than the previous one. When children looked at the 
bottom half of the screen, we studied how meticulously they looked at it. 
Children received a score of 1 when they did more than merely glance at 
feedback. Meticulousness was expected to be higher for children who received 
additional feedback, because these children would want to know whether they 
reached the goal that was set for them and this required a close examination of the 
feedback. 
Responding to feedback (Does the child react to the feedback?). Possible 
answers: yes (1) and no (0). Some children cheered or smiled when they 
answered a question correctly, some looked irritated or angry when they made a 
mistake; these are all reactions to feedback (1). Children received no points when 
they did not show a visible reaction to the feedback (0). 
Concentration (How concentrated is the child?). Possible answers: the child is 
very concentrated (1), the child is not concentrated, but working on the task (½), 
the child is engaged in unrelated activities (0). Some children were very 
concentrated, sitting on the edge of their chair, tongue sticking out, absorbed in 
the program (1). Others were also working with the software, but not very 
concentrated (½). Still others decided, for example, to tie their shoelaces or talk to 
a friend while they were supposed to be working with the program (0).  
The time needed to complete the session was recorded to see whether children 
who received feedback about their speed were working faster than other children.  
The reliability of the behavioural dimensions was calculated on the basis 17 
observations that were performed by two observers, resulting in 92 double 
observation-entries. When performing an observation together, one of the 
observers sat on the right side of the child and one on the left. This setting was 
certainly not optimal: It was rather difficult for one of the observers to get a clear 
view of the child’s face, especially when children leaned on their non-dominant 
hand.  
Reading skills were measured using the OMT (Brus & Voeten, 1979), the lists 
of words that were trained during the computer exercises, and the lists of control 
words. Children were asked to read the lists of words. The time they needed and 
the number of mistakes they made were recorded. 
Procedure 
The children were randomly assigned to one of the four feedback conditions. 
Children in various conditions did not differ significantly on reading skills. The 
children practised their reading skills using the computer-program twice a week. 
It took them approximately 5 minutes to finish a session consisting of 25 items. 
After five weeks of practice (10 sessions) the children were randomly assigned to 
a different feedback-condition. They practised for another three weeks (6 
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sessions). In this second series the exercises were the same, but the words that 
were trained were new and the children received a different type of feedback.  
The behaviour of the children was observed at the beginning and end of both 
series of sessions. Reading skills of the children were measured at three 
occasions. The first time was before the first series of sessions, the second was 
between series (post-test for the first series and pre-test for the second series), and 
the last time was after the second series of sessions.  
Repeated measures analyses were used to analyse the data with feedback 
condition as between subjects factor. Post-Hoc Bonferroni tests were used to 
locate the differences between conditions and paired samples t-tests were used to 
investigate the differences between observation-moments. Spearman’s rho and 
Kendall’s tau-b were calculated to determine the inter-observer correlations. 
Results 
Effect of training on reading skills 
In the first series of sessions the reading skills of children, as measured by the 
lists of experimental and control words, improved. They read words more 
accurately, F(1,47) = 47.02, p < .01, p2 = .50, and faster, F(1,47) = 252.80, p < 
.01, p
2
 = .85. These effects were more distinct for words that had been trained 
than for untrained words. The interaction between test-moment and type of words 
(experimental or control) was significant for both accuracy, F(1,47) = 5.36, p < 
.05, p
2
 = .10, and speed, F(1,45) = 17.92, p < .01, p2 = .28. In the second series of 
sessions children also learned to read more accurately, F(1,47) = 13.27, p < .01, 
p
2
 = .22, and faster, F(1,47) = 34.06, p < .01, p2 = .42, but the interaction between 
test-moment and type of words was only significant for speed, F(1,47) = 48.17, p 
< .01, p
2
 = .51. The type of feedback children received did not have an effect on 
learning gain, accuracy, or speed, neither in the first nor in the second series of 
exercises, all F’s < 1.  
Table 5.1 The inter-observer correlations of the four behavioural dimensions. 
Dimension Kendall’s τb Spearman’s ρ 
Attending to feedback .14 .14 
Meticulousness .22 ** .23 ** 
Responding to feedback .19 * .19 * 
Concentration .22 ** .22 ** 
(* p < .10; ** p < .05) 
The reliability of observations 
Seventeen children were observed by two observers, resulting in 92 double 
observation-entries. The inter-observer correlations were calculated for the 
various behavioural dimensions, see Table 5.1. Spearman’s ρ and Kendall’s τb are 
both measures that consider the ordinal quality of the observations. When one 
observer allots 1 point and the other ½, their agreement is higher than when one 
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allots 1 point and the other 0. The only dimension for which the correlation 
between observers was not significant at a .10 level, was “attending to feedback”. 
However, “attending to feedback” was derived post-hoc from “meticulousness”, 
for which the correlation between observers was significant.  
The correlations between the observations of the two observers was generally 
significant, but quite low. A possible explanation for this is that, because of the 
sub-optimal observation conditions, it was difficult for one of the two observers 
to see the gaze and facial expression of the children. 
Motivated behaviour 
Most of the behavioural dimensions were not influenced by the type of feedback 
the children received. The type of feedback children received only affected how 
meticulously they looked at feedback in the first series of sessions, F(3,47) = 
4.29, p < .05. At the first moment of observation children who received all types 
of feedback looked at it significantly more meticulously than children who were 
only informed of whether their last response was correct, see Figure 5.2. At the 
second observation-moment this effect had disappeared. The type of feedback 
children received did not have an effect on the other behavioural dimensions. 
Figure 5.2 The meticulousness with which children were looking at the different 
types of feedback at the first two moments of observation. 
Attending to feedback. The data show that children paid attention to feedback 
nearly every time they received it (see leftmost block in Figure 5.3). The number 
of times they looked at feedback did not change significantly over sessions.  
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Figure 5.3  The changes over time in various aspects of observed behaviour. 
Meticulousness. From the second block in Figure 5.3 it its clear that children 
did examine feedback less meticulously after some practice, F(3,150) = 5.16, p < 
.01. This decrease is significant between moment 1 and 3, t(50) = 2.42, p < .05, 
and between moment 1 and 4, t(50) = 3.56, p < .01. 
Responding to feedback. The number of reactions to feedback declined over 
time (see third block in Figure 5.3), F(3,150) = 22.09, p < .01. The cries of joy 
and disappointment disappear somewhere between the first and second 
observation-moment, t(50) = 4.89, p < .01. After the second observation-moment 
the responses to feedback did not continue to decrease.  
Figure 5.4 Concentration at the third and fourth moment of observation as a 
function of feedback. 
Concentration. The children worked increasingly concentrated, see rightmost 
block in Figure 5.3, F(3,150) = 18.84, p < .01. Concentration increased 
significantly between the first and second observation-moment, t(50) = -4.48, p < 
.01, and between the third and fourth observation-moment, t(50) = -3.79, p < .01. 
In the second series of exercises the interaction between feedback and 
concentration was significant, F(3,150) = 2.94, p < 0,05. The concentration of the 
children who received only knowledge of results feedback increased more than 
the concentration of the other children, see Figure 5.4.  
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Figure 5.5 The time children needed to complete a session. 
Time. The time children needed to complete a session depended on 
observation moment, F(3,147) = 142.65, p < .001. Session time decreased 
between the first and second observation-moment, t(49) = 13.11, p < .01, 
increased slightly between moment 2 and 3, t(50) = -2.80, p < .01, and decreased 
again between the third and fourth observation-moment, t(50) = 5.83, p < .01, see 
Figure 5.5. 
Discussion 
This study investigated the effect that type of feedback had on the behaviour of 
children interacting with educational software. Children practised their reading 
skills with a software program during eight weeks while they received two of four 
possible types of feedback consecutively. It was expected that children who 
received only minimal feedback would be less engaged in the program than 
children who also received additional feedback. Children who received minimal 
feedback were expected to be less attentive and responsive to feedback and to 
work less concentrated. They were also expected to learn less than children who 
received additional feedback.  
Contrary to our expectations, additional feedback and goal setting did not 
cause children to be more engaged in the program, to attend and react more to 
feedback and to work more concentrated. Neither did information about the speed 
of their responses cause children to be (or become) faster during training than 
children who did not receive such information. The type of feedback the children 
received only influenced how meticulously they looked at feedback in the first 
practice session. At this time children who received all types of feedback looked 
at feedback more meticulously than children who only received feedback about 
the correctness of their last response. It seems evident that children need more 
attention and time to extract information when they receive a lot of feedback than 
when they receive minimal feedback. Children probably learn what information 
they want to extract and how to extract it quickly. Therefore, the difference in 
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meticulousness with which children look at the two types of feedback disappeared 
somewhere between the first and the second moment of observation.  
One possible reason why additional feedback did not influence the behaviour 
and performance of children, could be that the children only attended to the basic 
accuracy feedback. The children may not have been interested in the additional 
feedback. Alternatively, they may have been interested in additional feedback, 
but they may not have been able to attend to two types of feedback at the same 
time. In this case, they probably preferred accuracy feedback over speed feedback 
because accuracy is in school considered to be more important than speed. To 
investigate this more conclusively, it is essential to study the effects of speed and 
accuracy feedback separately. Also, it would be necessary to investigate whether 
children attend to specific types of feedback.  
Although the behaviour of children was not influenced by different feedback-
conditions, behaviour did change over time. Once children had practised a few 
times they looked at feedback less meticulously and also responded less to it than 
when they had just started practising. The attention children spent on feedback 
was the only behavioural dimension that did not change. Apparently, children’s 
interest in their achievements persisted. However, the children became used to the 
program and knew what feedback to expect and the cries of joy and 
disappointment disappeared. The children also no longer needed to look at 
feedback meticulously to obtain the desired information, because they became 
experts who knew how to extract information quickly. The decrease in 
meticulousness was significant only between the first and the third observation-
moment, when children had just changed feedback-conditions. Because the 
feedback was at this time new for the children, one would expect them to need 
more time to obtain desired information. But large effects were not likely because 
all types of feedback the children could receive were very similar. The experience 
children gained on one type of feedback may have generalised to the other types.  
During training children improved on their reading skills. Children read words 
both more accurately and faster after training. This was expected and is very 
positive. No matter how the children behaved during the training, they did learn. 
In the first series of exercises children learned to read trained words both more 
accurately and faster than control words. In the second series of exercises the 
accuracy of the children’s reading did not increase because a ceiling-effect 
appeared. Children had to be able to read reasonably accurate to be included in 
the study. Not accuracy, but reading speed had to be improved. Indeed, speed 
increased more for trained words than for untrained words.  
Based on the results of this study, it can be concluded that type of feedback 
and the setting of goals have very little effect on the effectiveness of a program 
and the behaviour of children working with it. This suggests less emphasis can be 
placed on feedback when designing educational software. However, none of the 
children in the present study received exercises without feedback. The effect of 
feedback can only be studied properly when compared to a task without feedback. 
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The results from this study do suggest that multiple goals and feedback may not 
be as beneficial as expected to either performance or motivation. 
5.3 Experiment 2 
For feedback to be effective one should attend to it. In multimedia environments, 
children may find it difficult to concentrate on feedback, because numerous 
sources of sensory stimulation may draw their attention away from the feedback 
(Mayer & Moreno, 2002). Although extensive research has focused on the effects 
of providing various types of feedback (Armstrong & Loane, 1994; Kluger & 
Adler, 1993; Morrison, Ross, Gopalakrishnan, & Casey, 1995; Squires, 1997; 
Terrell & Rendulic, 1996; Wise & Wise, 1987), it has never been studied whether 
and to what extent pupils actually pay attention to feedback information during 
the task at hand. Before one can draw conclusions on what type or schedule of 
feedback is most beneficial for students, it should first be determined whether the 
feedback information receives any attention at all. The present study therefore 
investigated to what extent children in Grade 1 attend to feedback in educational 
software by online examination of their eye movements. In particular, we 
examined whether they focus on feedback regarding their accuracy or speed, 
whether feedback affects task performance, and how it increases or decreases 
interest in a task.  
Feedback concerning accuracy or speed may differentially affect reading 
performance. It was expected that children who received feedback on speed 
would learn to read more fluently. In the previous study speed feedback did not 
lead to more fluency, possibly because children simply did not look at the speed 
feedback, either because they were not interested in speed or because they were 
not able to attend to two types of feedback simultaneously (Mayer & Moreno, 
2002). The present study investigated whether children attended to accuracy or 
speed feedback in tasks where one or both types of feedback were presented. 
Because school tasks may automatically imply an accuracy goal, the tasks that 
were used in the present study were unlike the tasks that children use in school. 
We would expect children to attend to feedback, and to adjust their performance 
accordingly. When the computer presented two types of feedback and children 
were not able to attend to both types simultaneously, they would probably choose 
feedback on accuracy over speed. 
The present study aimed to examine the eye movements of children online. 
The experimenter in the previous study did not succeed in meticulously observing 
the gaze of the children by observing them en-face. An optimal position from 
which to observe eye movements would be in front of the children, i.e. inside or 
above the computer-screen they are looking at. Because it is not possible to 
position an observer between the children and the computer, the present study 
introduced the use of a webcam to observe the eyes of children. Recordings were 
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later used to determine whether the children focused on the different types of 
feedback.  
Only after it has been determined that children attend to feedback, the effects 
of feedback on performance and motivation can be studied. Previous research has 
shown associations between feedback, goals, motivation, and performance. 
Students who received detailed feedback were more motivated for a task than 
students who received only knowledge of result feedback, but children who 
performed oral reading exercises preferred to do so without being interrupted by 
feedback (Lee & Dwyer, 1994; Pany & McCoy, 1988; Terrell & Redulic, 1996). 
When children received feedback, they learned more than without feedback 
(Khine, 1996). In part, this may be because motivation leads to more creative and 
better learning through persistence and subjective competence (Rieber, 1996; 
Seegers & Boekaerts, 1993; Vollmeyer & Rheinberg, 2000).  
Motivation was in the present study measured by free-choice time, a measure 
that has often been used to quantify motivation (Malone & Lepper, 1987; Reeve 
& Nix, 1997; Surber & Leeder, 1988; Vansteenkiste & Deci, 2003). The free-
choice method is often used in between subjects designs. The subjects work with 
one of several target tasks and can choose to continue working with this target 
task or with an unrelated activity. Motivation is then defined as the percentage of 
time spent on the target activity. A disadvantage of this method is that it relates 
free-choice time not only to the motivation subjects feel towards the target task, 
but also to the alternative task (Wicker, Brown, & Paredes, 1990). When the 
alternative task is not at all motivating, subjects are likely to spend all of their 
free choice time on the target task, concealing any differences between target 
tasks. To avoid similar effects in the present study, a within subjects design was 
used and no unrelated tasks were presented. The children were allowed to work 
with the target tasks to determine the differential appeal of the different types of 
feedback. Motivation for each of the tasks was determined as the percentage of 
time spent on that task. Furthermore, the children were asked to provide their 
opinions of the tasks in an individual interview. It was expected that children 
would spend less of their free choice time on the task without feedback than on 
the tasks with feedback and that they would like the tasks with feedback more. 
The effect of feedback on motivation and performance may in part depend on 
the frequency of positive feedback. Whereas feedback after incorrect answers will 
be more successful in altering the behaviour of children than feedback after 
correct answers, positive feedback could promote a positive attitude more easily 
than negative feedback (Fodor & Carver, 2000; Goudas, Minardou, & Kotis, 
2000; Kluger & Adler, 1993; Thompson, Webber, & Montgomery, 2002; 
Vansteenkiste & Deci, 2003). In the present experiment, the frequency of positive 
feedback was regulated. In recent literature, the amount of positive feedback is 
often controlled by providing feedback regardless of the actual performance of 
the participants. However, the disappointment that could result from unrealistic 
feedback may have affected the results of these studies (Fodor & Carver, 2000; 
Ryan & Robey, 2002; Thompson, Webber, & Montgomery, 2002). Therefore, the 
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children in the present experiment all received realistic feedback. The amount of 
positive feedback was instead controlled by adapting the difficulty of the task. 
Consequently, the accuracy and speed of the children were not defined as the 
number of correct items or as the number of items in which a speed goal had been 
met, but as the task difficulty and the speed goal that resulted in the specified 
frequency of positive feedback. It was expected that children would perform more 
difficult tasks when they received accuracy feedback and that they would answer 
faster when they received speed feedback. 
Method 
Participants 
Dutch children in Grade 1 (N = 71), 33 girls and 38 boys, from 4 schools in 
Utrecht participated in this study. The mean age of the children was 7 years and 2 
months. All of the children who participated worked with computers regularly at 
home (N = 69) and/or at school (N = 60). 
Tasks  
The children completed four different tasks of thirty items each on a laptop 
computer with a 15 inch screen and a resolution of 640 by 480 pixels. In the first 
three tasks the children were told to decide whether a target was present in a 
series of objects. The target was presented for 1.2 seconds, followed by a grid that 
filled the computer screen to prevent after-images (300 milliseconds). After a 
short break (500 milliseconds) the series of objects appeared. The children 
pressed the left mouse button (with a green label) to indicate that the target was 
present in the series of objects or the right mouse button (with a red label) to 
indicate that the target was not present. As soon as they had given their answer, 
the objects disappeared and feedback could be presented for 2 seconds. Then, 
after a pause of 800 milliseconds, the next item was presented. These three visual 
search tasks differed in the appearance of the targets and objects: pumpkin faces, 
cartoon characters, or smiley faces. The width of all of the objects was 60 pixels 
and the height was adjusted to the shape of the object. In the fourth task the 
children were asked to determine whether two patterns of dots (117 by 115 
pixels) contained the same number of dots, again by pressing the coloured left or 
right mouse button. The first pattern could contain from three to eleven dots and 
the second pattern contained either the same number of dots or one dot more or 
less. The pattern recognition task was included to provide some generalisation to 
tasks other than visual search tasks. All four tasks supported speed and accuracy 
goals that could easily be adapted to match the ability of the children.  
Different types of feedback were presented with the tasks. One of the tasks was 
presented without feedback to determine the baseline performance and motivation 
of the children. The other tasks were presented with accuracy feedback, speed 
feedback, or both. Accuracy feedback consisted of a green “thumbs-up” or a red 
“thumbs-down” picture (60 by 60 pixels) in the lower left-hand corner of the 
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screen. Speed feedback was presented by showing the children a picture (60 by 
60 pixels) of a red snail or a green race car in the upper right-hand corner of the 
screen. The children were instructed that these pictures would follow a “slow” or 
a “fast” response respectively. The initial speed goal, based on a pilot performed 
by five children, was set at 3 seconds for the visual search tasks and at 2.8 
seconds for the pattern task. The experimenter did not refer to either accuracy or 
speed goals during the instruction, but after the children had started working with 
a task, she pointed the feedback out to them by complimenting them on their 
performance after the first item in which they received positive feedback (“Look, 
you answered quickly!”).  
The difficulty of the tasks was adjusted to prevent large differences in the 
frequency of positive feedback the children received. The complexity of the 
visual search tasks was adjusted by expanding or reducing the number of objects, 
by adding more objects that were similar to the target, and by increasing or 
decreasing the presentation time of the target with 10 milliseconds. The difficulty 
of the pattern recognition task was adjusted by increasing or decreasing the 
number of dots in the first pattern, by changing the complexity of the second 
pattern, see Figure 5.6, and by increasing or decreasing the presentation time of 
the first pattern with 10 milliseconds. The difficulty of the tasks was increased 
when the children had answered both more than two thirds of the preceding 
questions and the current question correctly. The difficulty was decreased when 
the children had answered both more than one third of the preceding questions 
and the current question incorrectly. Consequently, all children answered 
approximately two thirds of the exercises correctly. Children who were more 
accurate received more difficult exercises than children who were less accurate. 
The speed goal was adapted in the same way as the difficulty of the tasks. When 
the children had answered both more than two thirds of the preceding questions 
and the current question faster than the desired reaction time, it was shortened by 
100 milliseconds. When they had answered both more than one third of the 
preceding questions and the current question slower than the desired reaction 
time, it was lengthened by 100 milliseconds. As a result, all children received a 
similar amount of positive speed feedback in each of the tasks, but when they 
responded faster, they were asked to meet more difficult speed goals than when 
they responded slower.  
Figure 5.6 A simple and a complex pattern of eight dots. 
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Measures 
Attending to feedback. A webcam was installed to determine whether children 
looked at the feedback that was presented to them. Because the two types of 
feedback were presented in opposite corners of the screen, the type of feedback 
that children looked at could be determined by registering their eye movements. 
Only one child was discarded from the data because she moved herself outside 
the line of vision of the camera for a duration of 22 items by leaning forward to 
look at the screen from a very close distance. All of the other recordings were 
perfectly clear. To prevent socially desirable behaviour, the experimenter did not 
tell the children that they were being recorded. Almost all of the children forgot 
the webcam while they were working on the tasks. Only a few children 
occasionally waved at it and two children asked why the webcam was present. 
The experimenter did not explain the purpose of the webcam until the end of the 
session. At the end of the sessions the experimenter recorded for each item 
whether the children looked up at the speed feedback, down at the accuracy 
feedback, first down and then up, first up and then down, or neither. The 
observational data of 9 children were analysed by a second observer to determine 
the reliability of the ratings per task. The two observers agreed in 99.3% of the 
270 accuracy items that were dual-coded (kappa = .50, p < .001), in 93.7% of the 
270 speed items (kappa = .49, p < .001) and 83.7% of the 270 items with both 
types of feedback (kappa = .73, p < .001). The most frequent source of 
disagreement between the two observers (75%) was determining whether the 
initial eye movement of a child was a move between accuracy and speed 
feedback or between the objects and feedback. In case of disagreement, the first 
observer recorded that the children first looked at speed feedback and then at 
accuracy feedback and the second observer that they first looked at accuracy 
feedback and then at speed feedback (N = 16) or vice versa (N = 17). The 
classifications of the first observer were used in the analyses to obtain consistent 
observational data. 
Accuracy. The computer recorded the accuracy of the children for each task 
by subtracting the number of times the difficulty of a task was decreased from the 
number of times the difficulty was increased. In that way, the children who were 
able to perform more difficult exercises with the fixed frequency of positive 
feedback were reported to be more accurate than the children who performed 
more easy exercises. 
Speed. Similarly, the speed of the children was recorded by subtracting the 
number of times that the desired reaction time was lengthened from the number 
of times it was shortened. In that way, the children who were able to meet more 
strict speed goals were reported to be faster. However, not all tasks succeeded in 
presenting the children with speed goals that resulted in the specified frequency 
of positive feedback. When the children responded slow in the first 10 of the 30 
items, the program increased the speed goal to (3 seconds + 10 * 100 msec =) 4 
seconds. When the children needed more time to respond than these 4 seconds, 
they did not receive positive feedback in 20 of the 30 items. 
 Feedback and goals 99 
 
Voluntary use / Free choice. After the children had completed all four of the 
exercises, the experimenter told them that she had to record some data. As a 
favour, the children were allowed to work with the tasks on their own for 
approximately two minutes. This is long enough to complete at least thirty items 
of one of the tasks. The children could choose the task they wanted to perform 
and they could change tasks at any given time while the experimenter 
purposefully turned away from the computer and the child. The computer 
recorded the amount of time that children voluntarily used each of the tasks. 
Some children (N = 6) stated that they would rather go back to the classroom than 
work with the tasks. Additionally, relatively few children (N = 8) chose to work 
with all four tasks. Therefore, these data contain many zero’s.  
Opinion. At the end of a test-session, the children indicated why they liked a 
certain task best. One child did not answer this question. A number of children (N 
= 28) also indicated why they disliked a certain task. The children were asked to 
give their opinion after the free choice period to ensure that their behaviour was 
not altered by their answers (Kluger & Adler, 1993).  
Rating. The importance of asking children to provide a rating of the tasks was 
not recognised until after the study had begun. Consequently, only part of the 
children (N = 48) were asked to rate the tasks from “boring” (1 point) to “a lot of 
fun” (4 points). Because it is difficult for children to remember all the tasks and 
to provide a rating at the end of a session, the experimenter followed a procedure 
suggested by Hanna, Neapolitan, and Risden (2004). After the second task, the 
experimenter asked which of the two tasks the child preferred. After the third 
task, the child was asked to compare it to the second task and, if necessary, to the 
first task. The fourth task was compared to the first three and in this way, a rating 
could be established.  
Procedure 
The children completed the tasks individually in a quiet room in their school. At 
the beginning of the session, the experimenter adjusted the angle of the webcam 
to aim it at the face of the child. Then, the children all performed the four tasks in 
the same order, but the feedback that was offered differed per task. The feedback 
conditions were balanced: one fourth of the children completed the first task 
without feedback, a third of these children completed the next task with only 
speed feedback. Half of these children completed the third task with accuracy 
feedback and the last task with both types of feedback. The balancing procedure 
resulted in 24 conditions. After the children had completed all the tasks and a 
rating of the tasks had been established, the experimenter turned away from the 
children, (seemingly) recording data, while the children worked voluntarily with 
any of the tasks. Before the children returned to the classroom, they indicated 
why they liked a certain task best and sometimes why they liked a certain task 
least.  
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Results 
Attending to feedback 
Table 5.2 shows the percentage of items per task in which the children attended to 
accuracy feedback, speed feedback, or one after the other and the percentage of 
items in which the children did not attend to feedback but focused instead on the 
centre of the computer screen. Generally, children looked at most of the feedback 
that was presented to them. In the speed task, the children looked at feedback less 
often than in the accuracy task, t(70) = 3.17, p < .01, and when they looked at 
feedback in the task with both types of feedback, they looked at accuracy 
feedback alone or first more than at speed feedback, t(70) = 2.43, p < .05.  
Table 5.2 The percentage of items in which children attended to feedback. 
 Percentage of the items in which the children attended to: 
 Accuracy fb Speed fb Acc-Speed fb Speed-Acc fb No feedback 
Accuracy task 99.8% * * * 0.2% 
Speed task * 97.2% * * 2.8% 
Acc & Speed task 5.5% 2.9% 51.7% 39.9% 0.05% 
(* does not apply) 
Amount of positive feedback 
Not all tasks succeeded in presenting a task difficulty or speed goal that resulted 
in the specified frequency of positive feedback. Table 5.3 shows the frequency of 
positive feedback together with the performance, free choice time, and the 
opinion of the children per type of feedback. As can be seen, children especially 
received little positive feedback on speed in the task with both types of feedback 
compared to any of the other types of feedback, p’s < .05. The difference between 
the frequency of positive feedback in the speed task and the frequency of positive 
feedback in the accuracy task was also significant, p < .01. The frequency of 
positive feedback the children received did not correlate with the time they 
voluntarily spent on a task, all p’s > .15, r’s < .20. Therefore, the frequency of 
positive feedback was not included as a variable in the analyses.  
Table 5.3 Mean amount of positive feedback, performance, and opinion as a 
function of feedback. *does not apply. 
Task 
Positive 
accuracy 
feedback 
Positive 
speed 
feedback 
Difficulty Speed Free 
choice 
Named as 
most fun 
Named as 
least fun 
Overall * * 4.85 -7 23 * * 
No feedback * * 4.27 -12 12 11 14 
Speed * 18.93 2.93 -2 26 18 4 
Accuracy  20.23 * 7.56 -12 29 20 6 
Acc & Speed 19.75 18.17 4.65 -4 25 21 4 
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Feedback and performance 
A multivariate repeated measures analysis determined the effect of feedback on 
the accuracy and speed of the children as well as on free choice time. When the 
children received accuracy feedback, they completed more difficult items than 
without accuracy feedback, F(1,70) = 5.91, p < .05, see Table 5.3.  
Speed feedback caused children to respond faster than they did without speed 
feedback, F(1,70) = 99.58, p < .001, but also to be less accurate, F(1,70) = 5.52, p 
< .05. A similar, albeit not very strong trade-off was found within the tasks with 
no or one type of feedback, where the speed of children was inversely related to 
their accuracy, ’s between -.30 and -.41, p’s < .05. There was only one boy who 
completely dropped his accuracy goal in the speed task. He tried to click as soon 
as the series of objects appeared and remarked: “I’m not even looking at them!”. 
Such behaviour was not observed in any of the other children. 
Free choice 
Figure 5.7 The percentage of children who worked with 0, 1, 2, 3, or 4 tasks. 
It was expected that children would enjoy tasks with feedback more than tasks 
without feedback, which was investigated by allowing the children to work 
voluntarily with any of the four tasks. Most of the children (57.8%) worked with 
one or two tasks during the two minute free choice period, see Figure 5.7. Only 
occasionally did a child work with all four (11.3%) or none (8.5%) of the tasks. 
The number of seconds children voluntarily spent on each of the tasks was 
included in the multivariate repeated measures analysis. An interaction effect 
between speed feedback and accuracy feedback, F(1,70) = 4.47, p < .05, and post 
hoc paired samples t-tests confirmed that children worked longer with any of the 
feedback tasks than with the no-feedback task, p’s < .05, see Figure 5.8.  
 
102 Chapter 5 
Figure 5.8 The time children voluntarily spent on a task as a function of feedback. 
Children also reported to like feedback tasks better than the task without 
feedback. The difference between the number of children who liked the task 
without feedback and the number of children who liked the other tasks was not 
significant, but more children named the task without feedback as the one that 
was the least attractive than the other tasks, ²(3) = 9.71, p < .05. Wilcoxon’s 
signed rank test showed that the children rated the task without feedback lower 
than the task with accuracy feedback, Z = 2.03, p < .05. However, as a reason for 
liking or disliking a program the children rarely (N = 3) mention feedback. Most 
of them (N = 45) indicated they chose a program because they liked the pictures. 
The preference of children for the pictures in specific tasks could not have caused 
the differences between feedback conditions because each task was presented 
with every type of feedback. The most important reason the children reported for 
disliking a task was that is was too difficult. They especially thought that the 
patterns of dots were not visible long enough to allow them to count the dots. 
These claims were partly confirmed by a repeated measures analysis that 
investigated the effect of different tasks on speed and accuracy. The results 
showed a task effect on speed, F(3,210) = 9.51, p < .001, and accuracy, F(3,210) 
= 10.25, p < .001. Post-hoc tests showed that the pattern recognition task resulted 
in slower speed goals than two of the visual search tasks, p’s < .01. However, the 
children were not less accurate in the pattern recognition task. This indicates that 
the children were right to say that they needed more time in the pattern 
recognition task, but this did not result in lower accuracy.  
Motivation and performance 
The results showed that feedback caused children to perform more difficult 
exercises and meet more difficult speed goals. The children were also more 
motivated to work with feedback tasks than with tasks without feedback. 
However, there was no direct correlation between motivation and accuracy or 
speed.  
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Discussion  
The present study introduced the use of a webcam as a reliable and practical 
method for online examination of children’s eye movements. Possible 
disadvantages of this method were that the presence of a webcam would induce 
socially desirable behaviour or that the eye movements of children would not be 
visible in the webcam recordings. The present study indicated that nearly all 
children forgot the webcam as soon as they started working with the computer, 
and that recordings could be coded reliably. The data from the recordings showed 
that children attended to feedback nearly without exception, especially in the task 
that was accompanied by accuracy feedback. When both accuracy feedback and 
speed feedback were presented, the children generally attended to both types of 
feedback. They appeared to show a preference for accuracy feedback because 
they more often looked first or solely at accuracy feedback than at speed 
feedback. This suggests that the importance of accuracy goals extents beyond 
school tasks. 
Irrespective of the type or amount of feedback that was presented to the 
children, it motivated them to work with a task during a free choice period. 
Correspondingly, children rated the feedback tasks higher than the task without 
feedback and more children disliked the task without feedback than the tasks with 
feedback. Clearly, providing feedback to children is an adequate way of 
increasing their motivation for a task. However, presenting an additional type of 
feedback did not increase motivation. Previous research had indicated that 
increased motivation would produce an increase in the performance of children, 
but this was not confirmed by the present study (Perkins, 1988). Obviously, the 
performance of children depended more on factors other than motivation. These 
factors may include the ability of the children, but also their persistence, their 
need to control their environment, and their desire to achieve (d’Ailly, 2003; 
Baron, d’Amico, Sissons, & Peters, 1996; Thompson, Webber, & Montgomery, 
2002; Weiner, 1980). The present findings clearly indicate that the performance 
of children also depends on the feedback they receive, albeit not through 
motivation. 
In tasks with accuracy feedback, the children were more accurate than in the 
tasks without accuracy feedback and in the tasks with speed feedback, the 
children were faster than in the tasks without speed feedback. However, in the 
task with speed feedback the increase in speed resulted in a decrease of accuracy 
compared to the baseline task. Evidently, the efforts the children spent on gaining 
speed were taken from efforts they spent on being accurate in the task without 
feedback. That children apparently spent efforts on accuracy in the absence of 
feedback confirms that the intrinsic accuracy goal extended beyond school tasks. 
In the accuracy task, the speed of children did not decrease as a result of 
increased accuracy. Children appeared to increase their efforts on accuracy 
without reducing the efforts on other aspects of the tasks. Similarly, in the task 
with both types of feedback the children were faster than in the baseline task, but 
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equally accurate. Clearly, feedback increases the total amount of effort the 
children spend on a task (Ryan & Robey, 2002). This has important implications 
for educational practice. It appears that children can be persuaded to invest more 
effort by offering them immediate feedback on the accuracy or speed of their 
answer. 
In the present tasks, the children generally looked at all feedback that was 
presented to them, even though they showed a preference for accuracy feedback. 
Still, they also attended to speed feedback and adapted their performance 
accordingly. That children decreased their efforts on accuracy in the task with 
speed feedback would suggest that when children need to acquire fluency without 
loosing accuracy, feedback on both speed and accuracy could be offered. 
However, in school tasks, the intrinsic accuracy goal is expected to be more 
pronounced than in the present study. As a result, children in school may try to be 
accurate in the absence of accuracy feedback even more than the children in the 
present study. Consequently, they may not be so easily persuaded to look at and 
respond to feedback on speed when accuracy feedback is presented as well. 
Therefore, when children have to focus on speed feedback in school tasks, for 
instance when they are acquiring fluency in reading, it may be advisable to 
remove accuracy feedback. Of course, the influence of feedback on motivation 
and performance during school tasks should first be thoroughly investigated in a 
study similar to the present study.  
Concluding, the present study demonstrates clearly that the use of a webcam 
can be a reliable method to observe children while they are working with 
software. It will probably be even more reliable when the computer also records 
how children interact with the computer, that is to record when, where and how 
they use the mouse or keyboard. The video recordings showed that children are 
interested in the feedback they receive. Additionally, it is evident that feedback 
can be a useful tool in stimulating and guiding the motivation and performance of 
children, for instance to persuade slow readers to acquire fluency. The influence 
of feedback on performance emphasises the need to consider the goals of 
software carefully before presenting any feedback, because misplaced feedback 
can easily distract children from their learning goals, affecting what and how 
effectively they learn (Pany & McCoy, 1988; Spaai, 1994; Van Daal & Reitsma, 
2000).  
5.4 General discussion 
The present chapter discussed two experiments that aimed to investigate how 
feedback affects the performance and motivation of children. It was expected that 
multiple goals and feedback would be more motivating than one goal with 
feedback (Malone & Lepper, 1987). However, the first experiment showed that 
when speed feedback or complex accuracy feedback was added to basic 
knowledge of result feedback, the motivation of children did not increase. The 
 Feedback and goals 105 
 
results from the second experiment confirmed that two types of feedback were as 
motivating as one goal with feedback. These results also showed that a task 
without feedback was less motivating than tasks with one or two types of 
feedback.  
Feedback and goals are not only important for motivation, but they also 
provide a basis on which children can adapt their behaviour (Ryan & Robey, 
2002). The additional speed feedback in the first experiment did not result in 
higher reading speeds for accurate, but slow readers. One possible explanation for 
the lack of effect from speed feedback was that children were not able to attend to 
two types of feedback simultaneously. Alternatively, children may have 
considered accuracy feedback to be more important than speed feedback, 
especially because the school tasks used in the first experiment automatically 
evoked an accuracy goal. Whether children attended to feedback in non-school 
tasks was investigated in the second experiment. The results from this study 
showed that mostly, children attended to all feedback that was presented to them. 
Moreover, the children adjusted their behaviour to match either the speed goal or 
the accuracy goal that was suggested by the feedback. Still, the children clearly 
appreciate accuracy feedback more than speed feedback, even in non-school 
tasks.  
Concluding, the experiments that were discussed in this chapter showed that it 
is motivating to add a goal and corresponding feedback to an educational 
software program. Also, children attend to feedback and adapt their performance 
to the goal it represents. However, it is not beneficial to present more than one 
goal with feedback. Additional feedback did not increase motivation and the 
children could not adapt their performance to two goals simultaneously. It is 
therefore imperative that designers consider carefully what type of feedback they 
want to present in a program and how feedback can convey the educational goal 
of the software. In educational software for beginning readers, it may be wise if 
the program monitors the speed and accuracy of children. If their accuracy is low, 
children should receive feedback on whether their answers were correct. When 
they are slow, their speed should be evaluated. Note that this does not mean that 
feedback is necessarily negative. When a child is responding slowly, the program 
should not only offer feedback concerning speed, but it should also adapt the 
required speed goal to the performance of the child. In this way, children receive 
positive feedback about their speed and know that they are required to answer 
quickly. As a result, they will start to perform faster and the program can increase 
the difficulty of the speed goal. 

 6 
General discussion 
The present thesis aimed to develop guidelines for the design of software for 
children in Kindergarten 2 and Grade 1. For adult software, design guidelines are 
numerous (a.o. Helander, Landauer, & Prabhu, 1997). However, these guidelines 
do not necessarily generalise to the design of software for children because 
children are still developing their cognitive and motor skills (Bekker, 
Markopoulos, & Kersten-Tsikalkina, 2002; Druin, Hourcade, & Kollet, 2004). 
Research has largely neglected the development of guidelines for designing child-
centred software. The present thesis investigated some of the usability issues that 
are important in software for children (Markopoulos & Bekker, 2003). When they 
are playing with computer games, children can mostly decide for themselves 
when to start and stop playing, but they are often obliged to work with specific 
educational software. As a result, the consequences of poor design in educational 
software may be more serious than in games. Therefore, the present study focused 
on the usability issues in educational software rather than games. 
The usability issues discussed in this thesis were structured according to the 
user action framework, an adapted version of Norman’s seven stages of action 
(Andre, Hartson, Belz, & McCreary, 2001; Norman, 2001). The action 
framework supposes three major stages of action: first a planning stage in which 
high-level plans are formed and these plans are translated into physical actions, 
then a stage in which physical actions are performed, and last an assessment stage 
in which the success of actions is evaluated by reviewing feedback. Barendregt & 
Bekker (2004) suggested the addition of a fourth stage for computer games in 
which children decide whether to proceed with a game. In educational software, 
children may not be allowed to stop working with the program, but they can 
decide whether to invest effort in the program. The present thesis has discussed 
the four stages in relation to the design of educational software. However, it was 
not feasible to extensively study all four stages. Therefore, the first aim of this 
thesis was to investigate the relative importance of usability aspects in 
educational software. Teachers were asked what usability aspects they considered 
important. Additionally, we investigated how many educational software 
programs that are currently used in classrooms possessed various motivating 
aspects. Last, children were observed while they were working with one specific 
educational software program. On the basis of these three studies, we chose to 
investigate the effect of feedback on the motivation and performance of children, 
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the mouse skills of children, and procedures for presenting challenging exercises 
to children. 
The first stage of the action framework is planning the actions one intends to 
perform (Andre, Hartson, Belz, & McCreary, 2001). In educational software this 
stage consists of planning how to complete a specific exercise. Special attention 
will have to be paid to the difficulty of exercises and to instructions. The 
characteristics of effective instructions were not investigated in the present thesis, 
but it was investigated how the difficulty of exercises could be adapted by the 
software to match the ability of individual children. Tasks in educational software 
should be optimally challenging, which is delicate combination of the skills of 
pupils and task difficulty (Bumpus, Olbeter, & Glover, 1998; Glaser, 1977; 
Rieber, 1996; Ryan & Deci, 2000b). The experiments discussed in Chapter 3 
showed that the motivation of average readers appeared to be affected negatively 
by exercises that were too easy. Additionally, average readers learned more from 
exercises that prepared them for future class instructions than from exercises that 
repeated previous class instructions or from exercises that practiced information 
that was currently discussed in class. The difficulty of exercises did not affect 
motivation and learning gain as much as expected. Therefore, the emphasis that is 
put on adaptive exercises in the literature may be somewhat overestimated. 
However, the present experiments do not permit firm conclusions. 
When tasks and goals in software have been successfully explained and when 
children have decided on the answer they want to give, their plans need to be 
translated into physical actions. When it is unclear to children how they should 
provide their answer, they will not be able to answer many questions correctly. 
The rules for translating plans into actions could of course be addressed in the 
instructions of the program. More efficiently, the correct way of performing 
certain actions can be explained by using carefully designed metaphors in the 
design of the interface. The development of metaphors for children was not 
investigated in this thesis, but it would certainly be valuable to investigate what 
the preconceptions of children are as these are bound to be different from those of 
adults (Norman, 2001). Of course, when exercises in educational software are 
presented in a fantasy environment, metaphors that are used could and should 
relate to that fantasy environment (Malone & Lepper, 1987). 
After physical actions have been planned, they are executed. In educational 
software most physical actions require the use of an input device. When children 
do not possess the motor skills to use this device, they will not be able to 
complete any tasks and consequently become frustrated. Chapter 4 has 
investigated how mouse tasks can be adapted to match the limited motor skills of 
children. The results from the three studies discussed in this chapter showed that 
children can click very accurately provided that they have ample time to aim. 
Four important guidelines followed from the results of these studies. First, objects 
in education software should be at least 1 centimetre wide and tall to allow 
children to aim and click without time-consuming aiming movements. Second, 
drag-and-drop is the most suitable interaction procedure for educational software. 
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The fear of drop errors during drag-and-drop appears to be unfounded (Inkpen, 
Booth, & Klawe, 1996b; Joiner, Messer, Light, & Littleton, 1998). Third, many 
drop errors can be avoided when movement directions are downward and fourth, 
release spots should be larger than the targets that are used.  
Educational software does not only require children to perform physical, but 
also cognitive actions. It may be difficult for children to think about the answer to 
a question when they are distracted by animations in the program. Therefore, 
pictures and sounds unrelated to the content of educational software should be 
used sparsely to prevent an overload of working memory. Much research has 
been done in this area (a.o. Mayer & Moreno, 1998, 2002). It should be 
investigated whether guidelines can be formulated on the basis of the existing 
research before new research is conducted.  
When children have completed the actions they wanted to perform, they should 
be informed about the result of these actions. Feedback causes children to adapt 
their behaviour (Ryan & Robey, 2002). Additionally, feedback appears to 
increase the motivation of children, how important they think the task is, their 
effort, and consequently the effectiveness of the software (Goudas, Minardou, & 
Kotis, 2000; Lee & Dwyer, 1994; Reeve & Deci, 1996; Terrell & Rendulic, 
1996). Chapter 5 investigated how the performance and motivation of children is 
affected by the feedback they receive. It showed that feedback increases the 
motivation of children and that children adapt their behaviour on the basis of 
feedback. However, the expectation that it would be more motivating for children 
to receive two types of goals with feedback than one, was not confirmed. 
Moreover, children are not capable of adapting their behaviour to two different 
goals simultaneously. It is therefore recommended that not more than one goal 
with feedback is presented simultaneously and that this goal matches the 
educational goal of the software closely. 
The last stage in the framework is the moment at which children decide to 
continue working with software. When children decide to invest effort in 
educational software based on intrinsic motivation, the generally learn more than 
when they are motivated externally (Bumpus, Olbeter, & Glover, 1998; Lin, 
McKeachie, & Kim, 2003; Ryan & Deci, 2000a; Vansteenkiste, Simons, Lens, 
Soenens, Matos, & Lacante, 2004). Intrinsic motivation can result from feedback 
and challenge, but also from fantasy, control, interpersonal factors (Malone & 
Lepper, 1987; Steinberg, 1991), and curiosity (Ryan & Deci, 2000a). Cognitive 
curiosity is stimulated by situations in which the existing knowledge of children 
is challenged (Jones, 1998; Malone & Lepper, 1987; Rieber, 1996). The other 
type of curiosity, sensory curiosity, can be evoked by presenting sounds and 
pictures, inherent to modern multimedia learning environments, for instance by 
integrating the exercises in a fantasy environment (Malone & Lepper, 1987). The 
second experiment in Chapter 2 aimed to investigate what children consider to be 
fun in educational software. However, motivation appeared to be a highly 
personal matter and no general patterns could be deduced from this study. It may 
be more productive to learn about the likes and dislikes of children through free 
110 Chapter 6 
choice studies that investigate separate aspects of educational software. Using a 
similar design, we were able to determine that the motivation of children 
increases when they receive feedback. However, they were not more motivated 
for a task with two types of feedback than for a task with one type of feedback.  
The factors with a possible influence on the usability of educational software 
are diverse and numerous, and it was not possible to investigate them all within 
the scope of this thesis. This thesis aimed to start research on experimentally 
designed guidelines for educational software. We were able to devise some useful 
guidelines on mouse tasks, feedback, and adaptive exercises. The guidelines we 
formulated were relatively solid, but limited in scope because we only 
investigated the effect of three usability aspects on one age-group. Nonetheless, 
the present thesis has successfully developed design guidelines for children based 
on experimental studies. Similar studies could be used to develop more divers 
guidelines for the design of educational software for children of various age-
groups.
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II Appendices 
Appendix I: Teacher questionnaire 
First we are interested in some general information about you and your computer use.  
Name:  
School: City: 
Grade:                         Number of pupils: 
How many days per week do you teach? 
How many computers can your class use? 
 
For what purpose do you use computers (at home and at school)? Yes No 
Text editing   
How many times per week? 
E-mail   
How many times per week? 
Internet   
How many times per week? 
What other programs do you use regularly? How often? 
……………… 
……………… 
……………… 
……………… 
……………… 
Do you own a computer?   
Did you ever take a computer course?   
Do you enjoy using computers?   
 
What educational software is used in your class to teach language skills, reading, or reading 
preparation? How much time do pupils spend on these programs per week? 
Program Minutes per week per pupil 
  Minutes 
  Minutes 
  Minutes 
  Minutes 
 
The following questions relate to your opinion of computers and their use at your school. 
 Yes No ? 
The computers that are used by my pupils are located at a suitable 
location. Pupils can work undisturbed and they do not disturb others.    
We have enough computers at school for pupils.    
We have enough suitable software at school for my pupils.    
I receive adequate support with using computers in my class.     
I receive adequate support with using programs in my class.     
 
The following questions relate to your opinion of computers in your class. 
 Yes No ? 
The use of computers in the classroom is a valuable addition to 
conventional teaching methods.    
The use of computers interferes with teaching.    
My pupils enjoy using computers.     
The use of computers motivates my pupils.    
Sufficient qualitatively good software for my pupils is for sale.    
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Could you name some factors that influence how often you use computers in your class? 
Are there other things you want to say about the availability or use of computers in your 
school and class? 
 
At the beginning of this questionnaire you named a few programs together with the amount of 
time they are used in your class. The following questions relate to the program that you use 
most often or (when applicable) to the only program you use.   
 
That program is: …………………………………… Yes No ? 
I use this program to introduce new ideas.    
Pupils use this program to practice new information.    
Pupils use this program to enrich their knowledge.    
Pupils use this program as additional practice.    
    
The educational content of this program relates to the teaching methods 
used in class.     
The program looks nice.    
The program is easy to install.    
Teachers can adapt the difficulty of exercises.    
The program adapts the difficulty of exercises automatically.    
Pupils can start the program themselves.    
Pupils can use this program without help.    
Pupils like this program.    
The program is educational.    
The results of individual pupils are available to teachers.    
The program motivates the pupils.      
I regularly need help with this program.    
Sometimes, problems arise in this program that I can not solve by 
myself.     
 
At the beginning of this questionnaire you named a few programs together with the amount of 
time they are used in your class. The following questions relate to the program that you use 
least. If you use one program, you do not need to answer these questions. Please continue the 
questionnaire on the next page. 
 
The program that I use least is: ……..………… Yes No ? 
I use this program to introduce new ideas.    
Pupils use this program to practice new information.    
Pupils use this program to enrich their knowledge.    
Pupils use this program as additional practice.    
    
The educational content of this program relates to the teaching methods 
used in class.     
The program looks nice.    
The program is easy to install.    
Teachers can adapt the difficulty of exercises.    
The program adapts the difficulty of exercises automatically.    
Pupils can start the program themselves.    
Pupils can use this program without help.    
Pupils like this program.    
The program is educational.    
The results of individual pupils are available to teachers.    
The program motivates the pupils.      
I regularly need help with this program.    
Sometimes, problems arise in this program that I can not solve by myself.    
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How important do you consider the following factors in the design of educational software for 
language skills, reading, or reading preparation? 
1 = very important (4x) 
2 = important (4x) 
3 = not very important (3x) 
 1 2 3 
The educational content of this program relates to the teaching methods used in 
class.    
The program looks nice.    
The program is easy to install.    
Teachers can adapt the difficulty of exercises.    
The program adapts the difficulty of exercises automatically.    
Pupils can start the program themselves.    
Pupils can use this program without help.    
Pupils like this program.    
The program is educational.    
The program motivates pupils.      
The results of individual pupils are available to teachers.    
 4 4 3 
    
What aspects of educational software (other than the factors that were mentioned here) 
influence how often you use it?  
 
Are there any other things you would like to mention about the use and usability of 
educational software at your school and in your class? 
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Appendix II: Fun questionnaire  
Do you work with the program without someone telling you to? 
Would you like to work with the program when other children can decide for themselves what to do? 
Do you think it is boring to work with the program? 
When you started working with the program, did you want to continue working with it? 
Do you think your friends would like the program? 
Do you think the program is childish? 
Is the program is too difficult to play with? 
When you have worked with the program once, does it remain fun? 
Do you enjoy yourself when you are working with the program? 
Does the program contain many surprises? 
Would you like to work with the program more often? 
Do you perform well on the exercises in the program? 
Would you like to have the program at home? 
Do you make many mistakes while you are working with the program? 
VI Appendices 
Appendix III: Checklist aspects of educational software 
Challenge 
The pupils have to achieve a score that is visible to them. 
The pupils can set their own goals or level of difficulty. 
Goals can be achieved within one practice session. 
Both short term and long term goals are presented. 
The exercises in the program match the frame of reference of the pupils. 
Pupils can work at various levels of difficulty. 
Pupils can choose from various goals that are formulated simultaneously (for instance: “be fast” and 
“be accurate”). 
Some information is (temporarily) hidden from pupils. 
Some events in this program are coincidental (for instance because the program randomly chooses 
exercises). 
Feedback is present. 
Feedback is clear. 
The feedback provides information on the mistakes that was made (or about the correct answer). 
The feedback is encouraging. 
This program emphasizes good performance rather than bad performance.  
The program explains the practical value of provided information. 
The layout of the program matches the frame of reference of pupils. 
The program supports cooperation or competition. 
Curiosity 
Various backgrounds are used in the exercises. 
Pupils like the backgrounds that are used. 
Various sounds and/or voices are used. 
Pupils like the sounds that are used. 
The program highlights exceptions to the knowledge of pupils (for instance: all birds have feathers, 
except penguins). 
The program evokes curiosity by emphasizing incomplete knowledge (for instance: leaves fall from 
trees and become earth, but how?). 
Pupils are asked to form general rules on the basis of examples. 
Control 
Events in the program depend on the actions of the pupils. 
Pupils can choose the layout or the exercises they work with. 
Actions of pupils have clear consequences. 
Fantasy 
Pupils can identify with the main character in the program or they are themselves the main character. 
Pupils can choose the fantasy world in which the exercises are presented. 
Pupils can use their own imagination to assign meaning to the fantasy. 
The program uses metaphors (for instance: the night falls literally when the program explains that the 
earth turns around its axis). 
The program uses analogies (for instance: 12 > 3). 
The exercises in the program are intrinsic to the fantasy that is used. 
 Summary 
The development of guidelines for designing child-centred software has received little 
attention in scientific research. The research described in the present thesis aimed to 
formulate experimentally developed guidelines by investigating some of the usability 
issues that are important in software for children. This thesis focuses on usability in 
educational software for children in Kindergarten 2 and Grade 1. It was not feasible to 
extensively study all aspects that may influence the usability of educational software. 
Therefore, the first aim of this thesis is to investigate the relative importance of 
usability aspects in educational software. On the basis of three studies in Chapter 2 
feedback, mouse use, and the automatic adaptation of difficulty are selected for further 
study.  
Chapter 3 investigates how educational software should adapt the difficulty of 
exercises to match the skills of children. The results show that children who read at 
grade-level learn more from exercises that prepare them for future class instructions 
than from exercises that repeat previous class instructions or from exercises that 
practice information that is currently discussed in class. Additionally, these children 
appear to perform worse on preparation-exercises than on current exercises. However, 
the difficulty of exercises does not affect motivation and learning gain as much as 
expected.  
Chapter 4 describes three studies that investigated how mouse tasks could be 
adapted to match the limited motor skills of children in Kindergarten 2 and Grade 1. 
Four important guidelines follow from these studies. First, objects in education 
software should be at least 1 centimetre wide and tall to allow children to aim and 
click without time-consuming aiming movements. Second, drag-and-drop is the most 
suitable interaction procedure for educational software. The fear that children are not 
be able to move the mouse with the mouse button pressed appears to be unfounded. 
Third, many drop errors in drag-and-drop can be avoided when movement directions 
are downward and, fourth, by increasing the size of the release spots.  
Chapter 5 investigates how the performance and motivation of children is affected 
by the feedback they receive. It shows that feedback increases the motivation of 
children and that children adapt their behaviour on the basis of feedback. Presenting 
two types of goals with feedback is not more motivating than one. Moreover, children 
are not capable of adapting their behaviour to two different goals simultaneously.  
The thesis concludes with a general discussion in Chapter 6. Several 
recommendations for the design of educational software for children are discussed as 
well as suggestions for further study. 
 Samenvatting 
Het ontwikkelen van richtlijnen voor het ontwerpen van kindvriendelijke software 
krijgt weinig aandacht in wetenschappelijk onderzoek. Het onderzoek in dit 
proefschrift had tot doel om experimenteel ontwikkelde richtlijnen vast te stellen door 
enkele factoren te onderzoeken die de bruikbaarheid van software voor kinderen 
zouden kunnen beïnvloeden. Het onderzoek richt zich op educatieve software voor 
kinderen in Groep 2 en 3. Omdat het niet haalbaar is om alle bruikbaarheidfactoren 
uitvoerig te bestuderen, is eerst het relatieve belang van bruikbaarheidfactoren 
vastgesteld. Op basis van drie onderzoeken in Hoofdstuk 2 zijn feedback, muisgebruik 
en het automatisch aanpassen van moeilijkheid geselecteerd voor verder onderzoek.  
Hoofdstuk 3 onderzoekt hoe educatieve software de moeilijkheid van oefeningen 
kan aanpassen aan de vaardigheden van kinderen. De resultaten laten zien dat 
gemiddelde lezers meer leren van oefeningen die de kinderen voorbereiden op 
toekomstige instructies in de klas dan van oefeningen die oude instructies herhalen. 
Ook lijken deze kinderen slechter te presteren op voorbereidende oefeningen dan op 
actuele oefeningen. Echter, het is duidelijk dat de moeilijkheid van oefeningen de 
motivatie en prestatie van kinderen niet zo sterk beïnvloedt als verwacht. 
Hoofdstuk 4 bespreekt drie studies die onderzochten hoe muistaken aangepast 
kunnen worden aan de beperkte motorische vaardigheden van kinderen in Groep 2 en 
3. Vier belangrijke richtlijnen volgen uit dit onderzoek. Ten eerste moeten objecten in 
educatieve software tenminste 1 centimeter wijd en hoog zijn om kinderen in staat te 
stellen erop te klikken zonder dat ze tijdrovende mikbewegingen hoeven te maken. 
Ten tweede is slepen meer geschikt om objecten over het scherm te verplaatsen dan 
klik-verplaats-klik. De angst dat kinderen niet in staat zouden zijn om de muis te 
bewegen met een ingedrukte muisknop blijkt ongegrond. De derde richtlijn is dat 
sommige dropfouten tijdens het slepen voorkomen kunnen worden als kinderen 
objecten naar beneden slepen en, de vierde richtlijn, als de receptoren groter zijn dan 
de target.  
Hoofdstuk 5 evalueert hoe de motivatie en prestaties van kinderen beïnvloed 
worden door de feedback die ze ontvangen. De resultaten geven aan dat feedback de 
motivatie van kinderen verhoogt en dat kinderen hun gedrag aanpassen aan het doel 
dat door de feedback gesteld wordt. Het aanbieden van twee verschillende doelen met 
feedback is niet meer motiverend dan één soort feedback. Bovendien zijn kinderen niet 
in staat om hun gedrag aan te passen aan twee doelen tegelijkertijd. 
Het proefschrift sluit af met een algemene discussie in Hoofdstuk 6. Hierin worden 
verschillende aanbevelingen voor het ontwerpen van educatieve software besproken 
evenals suggesties voor verder onderzoek.  
 Dankwoord 
Na vier leuke jaren vragen stellen, antwoorden zoeken en artikelen schrijven, is mijn 
proefschrift af. Het voltooien van dit proefschrift is een klus waar ik gelukkig niet 
helemaal alleen voor stond. Ik wil dan ook graag van deze gelegenheid gebruik maken 
om een aantal mensen te bedanken. Allereerst mijn promotor, Pieter Reitsma, bij wie 
ik iedere dinsdag stipt om 2 uur welkom was om te praten over mijn onderzoek, maar 
ook over pake’s, kleindochters en buitensporten. Pieter, dank je wel voor je gedegen 
begeleiding en voor de gezellige gesprekken. 
De leden van de leescommissie, prof. dr. Jos Beishuizen, dr. Henk Blok, prof. dr. 
Ton de Jong, prof. dr. Jeroen van Merriënboer en dr. Gerard Spaai wil ik bedanken 
voor de aandacht die zijn hebben willen besteden aan het manuscript van mijn 
proefschrift en voor hun constructieve commentaar. 
Het is een voorrecht geweest om vier jaar onderzoek te mogen doen in de 
stimulerende werkomgeving die gevormd wordt door de mensen bij PI Research. 
Annelise, Else, Evelien, Ilse, Inez, Jan, Judith, Linda, Louise, Maartje, Marianne, 
Marjolein, Mieke, Miranda, Mirte, Patty, Sander & Sander, Siety, Tessa en Yoast: 
Dank jullie wel voor de lunches, de discussies, de koekjes-weddenschappen en de PI-
praatjes. Ralph Wesseling, Pim Bongers en Christien de Jong ben ik dankbaar voor 
hun hulp bij het programmeren en testen van Leescircus. Lotte, Stuart en Bart waren 
zo lief om het Engels van een van mijn manuscripten te corrigeren. Dank jullie wel. 
Ook Inez B., Judith, Mirte, Teije, Tjibbe en Wouter ben ik dankbaar voor het lezen 
van (delen van) dit proefschrift en voor hun commentaar. 
Zonder proefpersonen was er van dit proefschrift niet veel gekomen. Ik wil dan ook 
alle scholen, leerkrachten en kinderen die hebben meegewerkt bedanken. Bij het 
verzamelen van de data heb ik hulp gehad van een aantal studenten. Daphne Bon, 
Femke Aalst, Gerlant Faber, Kim de Crom, Krijn van Sparrentak, Marjolein Hulshof 
en Monique Zeinstra: Bedankt voor jullie inzet en enthousiasme.  
Antti Pirhonen, Eliane Segers, Esther Baauw, Juan-Pablo Hourcade, Marga de Jong, 
Panos Markopoulos, Tilde Bekker en Wolmet Barendregt wil ik bedanken voor de 
inhoudelijke discussies, de nuttige literatuurverwijzingen en de gezellige congressen.  
Ik ben drie kinderen in mijn omgeving bijzonder dankbaar dat ze mij hebben 
herinnerd aan het doel van mijn onderzoek, zodat ik los kon komen van methodologie 
en statistiek. Myrre en Eva waren anderhalf en drie jaar oud toen ik aan dit onderzoek 
begon, maar hebben inmiddels niet veel hulp meer nodig met lezen of computers. 
Eldyn en Tijn, de twee lachebekjes, gaan nog leren hoe je “poes” en “paard” schrijft. 
Tijn moet maar snel leren chatten met zijn grote nicht (met webcam zodat ik zijn lach 
niet hoef te missen). 
Bij een baan die je zo kan opslokken als een aio-baan, is het belangrijk dat je 
vrienden hebt die je af kunnen leiden. Onbetaalbaar waren de liters thee, de 
wandelingen, de gesprekken en de etentjes met Annemarie, Esther, Hansje, Jikke en 
Marieke de Visser. Met David, Marco, Marieke Jansen, Tanja en Mho hebben Wouter 
X Dankwoord 
en ik de afgelopen vier jaar praktisch iedere week een avond gezelschapsspellen 
gespeeld. Het antwoord op Marco’s “En, is er nog nieuws?” was voor de vrouwen 
vaak belangrijker dan wie het spelletje won. En zo hoort het ook. Toch jammer dat dan 
altijd mannen winnen.  
Dank ook aan de Amnesty studenten in Utrecht. De etentjes en vergaderingen waren 
erg gezellig, maar ook “goed”. Afgelopen maand is een van de Birmese 
rechtenstudenten waar we actie voor voeren, vrijgelaten! Elke, Mariska en Inez Pas: 
Bedankt voor jullie vrolijkheid.  
En dan waren er natuurlijk mijn studievrienden uit Maastricht waarvan een aantal 
zelf ook bezig zijn met het schrijven van een proefschrift. Luc, Rosemarie, Stefan, 
Suzanne: dat er nog vele “toekomstig-talent”-dagen en promoties mogen volgen!  
Een groot deel van het laatste schrijfwerk heb ik verricht tijdens een cursusweekend 
waar constant minstens 10 trekzakken om mij heen allemaal verschillende deuntjes 
aan het jengelen waren. En dat werkte fantastisch! Daarom mijn dank aan Zeerover-
Sandra, Hester-Kikker en de rest van de Folkguerilla voor muziek en dans. 
Aan het eind van het dankwoord worden traditioneel de ouders van de promovendus 
bedankt voor hun niet aflatende steun. Peter en Jitske, jullie hebben mij altijd 
gestimuleerd om mijn inzicht, vaardigheden, en zelfvertrouwen te ontwikkelen zodat 
ik op mijzelf kan steunen. Zo kon ik al jong zelfstandig op onderzoek uit, in de 
wetenschap dat jullie altijd mijn vangnet zouden zijn. Nog steeds kan ik jullie altijd 
vragen stellen en van de twee antwoorden die jullie mij het meest geven, leer ik ook 
het meest: “Wat denk je er zelf van?” en “Dat zoeken we op.”. Verder kon ik van Peter 
het afgelopen jaar een laptop en zijn jazzplaten lenen. Die combinatie heeft gezorgd 
voor het schrijfplezier waarvan ik hoop dat de lezer het terug kan vinden in dit 
proefschrift. Jitske stak mij op cruciale momenten met “Even doorhappen, meid” een 
hart onder de riem. Dank jullie wel.  
In dit gezin van sapere aude was ik niet de enige jonge onderzoeker. Mijn broertjes, 
Tjibbe en Teije, en ik waren partners-in-crime toen we, aangespoord door Max 
Laadvermogen en de Wetenschapsquiz, onze eerste experimenten uitvoerden. Het is 
een wonder dat het huis er nog staat. Achaani, ik ben trots en gelukkig dat jullie tijdens 
mijn promotie als “paratroopers” naast mij zullen staan.  
Maaike is de afgelopen vier jaar, maar ook de vier jaar daarvoor, voortdurend een 
klankbord voor mij geweest. Eerst face-to-face, maar na mijn verhuizing voornamelijk 
in lange telefoongesprekken en e-mails. Over promoties, onderzoek en de ups en 
downs die daarbij horen, maar ook over … eigenlijk alles. Maaike, dank je wel! 
De grootste dank-je-wel is voor Wouter: voor inhoudelijke discussies op het scherp 
van de snede over bomen, geologie en het klikgedrag van jonge kinderen. Maar ook 
voor pannenkoeken, myxolydische toonladders, chocola met nootjes, voor 
aardbeienplanten en basilicum met luis, je glimlach en je warme knuffels, voor 
schaken en muziektheoretische filosofie, voor overal kadootjes, voor Lirio en Laroux, 
Acda en de Munnik, een steunende schouder, lachen om de jonge onderzoeker, voor 
wijn en tapas, walsen en mazurka’s, voor samen in de kroeg, voor Bredero, Rawie en 
rum, voor… ons.  
Jij maakt het verschil. 
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